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executive  summary 


Objective 


The  objective  of  this  study  was  to  analyze  the  AN/WLR-1G  and  the 


AN/SLQ-32(V)2  ESM  systems  reliability  and  maintainability  characteristics 

c % # . . v«  «•  « m ♦ • -V  ' ••  4 * * * * *** 

in  order  to  determine  their  inherent  and  operational  availability  and  their 


associated  design  and  logistic  support  constraints.  This  report  highlights 


the  strengths  and  weaknesses  in  the  availability  of  these  two  systems.  From 


this  study  it  is  hoped  to  establish  requirements  from  which  to  build  the 


specifications  of  a third  generation  ESM  system  and  to  foster  improvements 


where  appropriate  to  existing  hardware. 


Methodoloc 


Operational  and  support  requirements  of  the  AN/WLR-1G,  ESM  system  were 


reviewed.  The  reliability  and  maintainability  of  the  AN/WLR-1G  was  then 


evaluated  using  both  3-M  field  data  and  MIL-HDBK  217B  Prediction  Techniques. 


The  resulting  Mean-Time-Between-Failure  (MTBF),  Mean-Time-to-Repair  (MTTR) 


and  Mean-Down-Time  (MDT)  numbers  were  used  to  calculate  inherent  and  operational 


availability  for  the  system.  The  AN/SLQ-32(V)2  was  evaluated  in  the  same  manner. 


Findings 


Tables  A-l,  A-2a  and  A- 2b  provide  the  Reliability,  Maintainability  and 


Availability  (RMA)  data  for  the  AN/WLR-1G  and  the  AN/SLQ-32(V)2.  Table  A-2a 


provides  a summary  of  predictions  developed  for  the  suite  2 of  the  AN/SLQ-32 (V) . 


Table  A-2b  is  a summary  of  data  gathered  for  the  ESM  portion  of  the  Prototype 


and  equivalent  to  suite  2 of  the  production  configuration. I 
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TABLE  A-l 


RMA  RESULTS  FOR  THE  AN/WLR-1G 

MTBF  (MIL-HDBK  217B  Prediction)  106  hours 

MTTR  (MIL-HDBK  472  Procedure  2 Prediction)  3.35  hours 

MDT  (3-M  Field  Data)  72  hours 

Inherent  Availability  0.97 

Operational  (Actual  Field)  Availability  0.58 

mtrf 

Inherent  availability  ^MTBF  + MT'TR)  provides  a measure  of  the  system  design 


constraints.  The  operational  availability  (■ 


) provides  a measure  of 


^UllSLLaJLllLa.  A lie  upcidLAWiidA  avdiiauilitj'  MTBF  -f  MDT7  a — V*. 

the  available  logistics  support.  The  constituent  elements  of  MDT  with  their 
respective  percent  distributions  are  discussed  in  section  3.4.1  and  are  shown 
below: 


Item 

Hours 

Percent 

Repair  Time/yr. 

171.0 

4.7 

Logistics  Delay  Time/yr. 

3261.2 

90.1 

Administrative  Time/yr. 

51.0 

1.4 

PMS  Time/yr. 

137.8 

3.8 

Total  Down  Time/yr. 

3621.0 

100.0 

TABLE  A- 2a 

RMA  RESULTS  FOR  THE  AN/SLQ-32(V)2 
MTBF  (MIL-HDBK  217B  Prediction) 

MTTR  (MIL-HDBK  472  Procedure  2 Prediction) 
Inherent  Availability 

Operational  (Projected  Field)  Availability 


259  hours 
1.045  hours 
0.99 

See  Note  1 


1/  This  value  is  discussed  and  presented  in  section  4.3.3  in  the  report. 


TABLE  A- 2b 

AN/SLQ-32 (V)  PROTOTYPE  TECHEVAL  DATA  SUMMARY 


ESM  Operating  Hours 

ESM  Total  Maintenance  Actions 

ESM  Maintenance  Actions  considered  major  failures 

ESM  Maintenance  Actions  considered  minor  failures  * • 

ESM  Maintenance  Actions  considered  preventive  maint. 

2/ 

ESM  Total  Major  Failure  — corrective  maintenance  time 

3/ 

ESM  Total  Minor  Failure  — corrective  maintenance  time 
ESM  Total  Preventive  maintenance  time 
Observed  ESM  MTBF 

*Observed  ESM  Mean  corrective  maintenance  time 
*Observed  ESM  inherent  availability 


1034  hours 
8 
2 

• « ^ • • « *.• 
3 

3.96  hours 
5.2  hours 
.76  hours 
517  hours 
1.98  hours 
0.996 


Conclusions 

Key  failures  which  impact  both  MTBF  and  MTTR  of  the  AN/WLR-1G  are  as  follows: 

1.  One  half  of  repair  actions  (22  out  of  44)  over  a 30  month  period 
were  associated  with  the  IP-480  display.  These  took  7.1  hours  on  an 
average  to  repair,  or  156.2  hours  (Table  3-3). 

2.  Converter  CV-742  is  the  unit  showing  the  longest  repair  time:  The  re- 
sultant MTTR  was  16.4  hours.  Three  repair  actions  were  involved 
causing  a 49.2  hour  experience  (Table  3-3). 

3.  Tubes  accounted  for  50%  of  system  failures;  variable  resistors  (RV) 
accounted  for  24%  of  system  failures  (68  of  the  104  variable  resistors 
are  in  the  IP-480). 


Further  studies  which  included  the  AN/SLQ-32 (V) 2 system  provided  additional  insight 
into  the  availability  goals  for  future  ESM  systems.  Inherent  availabilitv  eoals  are 
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2/  Major  Failure  - ESM  mission  accomplishment  prevented 
3/  Minor  Failure  - ESM  mission  accomplishment  degraded 
* Based  on  2 major  failures 


tabulated  below  along  with  indications  of  the  difficulty  for  attainment: 


ESM  RMA  GOALS 


1 

| 


MTBF 

(hours) 

MTTR 

(hours) 

A 

LIKELIHOOD  OF 
ACHIEVEMENT 

*•250  

1.0 

* * '0*.  996'  '*  “ 

Modestly  Difficult 

250 

0.5 

0.998 

Difficult 

500 

1.0 

0.998 

Difficult 

500 

0.5 

0.999 

Very  Difficult 

Design  efforts  to  obtain  these  goals  must  consider  the  following: 


1.  Use  of  self-test  features. 

2.  Use  of  standard  components  based  on  a lov*  failure  rate  technology. 

3.  Implementation  of  redundancy  - 

a.  Adoption  of  techniques  (for  example:  antennas)  wherein  per- 
formance "gracefully"  degrades  with  component  failure. 

b.  Separation  of  performance  functions  into  several  modes  of 
operation  wherein  failure  of  one  mode  would  still  permit 
mission  success  in  some  acceptable  degraded  capability. 

4.  Quality  Assurance  and  Quality  Control  during  the  procurement  and 
development  stages. 

5.  Mechanical  design  to  facilitate  access  and  to  minimize  environmental 
effects. 


Recommendat ions 

The  following  studies  are  proposed  based  upon  conditions  discovered  during 
this  availability  study  of  the  AN/WLR-1G  and  the  AN/SLQ(V)2  ESM  systems: 

1.  Study  of  CASREPS  to  determine  if  supply  line  constraints  are 
causing  unnecessary  down  time. 

2.  Study  of  the  CV-3599  replacement  for  the  CV-741  and  CV-742  to 
determine  its  effect  on  AN/WLR-1G  MTBF. 

3.  Study  of  the  feasilbility  of  replacing  the  IP-480  and  Power  Supplies 


(PP  2156D  and  PP  2157D). 


4.  Study  of  the  AS-899  Antenna  drive  train  mechanization  to  determine  what 


may  be  causing  coupling  failures. 

5.  Study  of  the  CV-1162A  Tuner  regulator  to  determine  what  may  be  causing 
abnormal  high  failure  rate. 


**'  * ’The’ studfes^are  p ropo's  e*d "in"  £he  order'of  priority'.*  'This '6r‘de't*of*  Studies 
is  recommended  as  the  most  effective  relative  to  design  and  development  of  ESM. 


However,  it  has  been  indicated  that  data  may  be  currently  available  that  would 
minimize  the  extent  of  studies  2 and  3. 
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1.0  INTRODUCTION 


This  report  has  been  prepared  specifically  to  analyze  the  AN/WLR-1G  and  the 
AN/SLQ-32(V)2  reliability  and  maintainability  characteristics  in  order  to 
determine  their  availability  indicies  along  with  the  associated  design  and 
logistic  support  constraints.  By  highlighting  strong  points  and  weak  points  in 


the  availability  of  these  two  systems  it  is  hoped  to  establish  the  requirements 


from  which  to  build  the  specifications  of  a third  generation  ESM  and  to  foster 
improvements  where  appropriate  to  existing  hardware. 

| 

■! 

2.0  SCOPE 

The  studies  performed  in  this  report  were  limited  to  suite  2 of  the  AN/SLQ-32 (V) 2 
and  band  9 operation  for  the  AN/WLR-1G.  Specific  areas  addressed  were: 

1)  Support  requirements  (Maintenance  requirements) 

2)  Operational  Requirements 

3)  Electrical  Design  Constraints  - functional  redundancy 

4)  Mechanical  Design  Constraints  - maintainability  and  degree  of  modularity 

5)  Fault  isolation  effectiveness 

6)  Equipment  environmental  exposure 

The  study  was  based  on  review  of  operating  and  support  requirements  specified  in 
the  applicable  Technical  Manuals, 3-M  data  on  the  WLR-1G  and  technical  data  gathered 
on  the  USS  Leahy  for  the  SLQ-32(V)  XN-1  prototype  model. 

3.0  STUDY  OF  THE  AN/WLR-1G 

For  the  purposes  of  this  study  only  Band  9 operation  of  the  AN/WLR-1G  was  considered. 

Both  reliability  and  maintainability  evaluations  were  made  on  Band  9 from  which 
both  inherent  and  operational  availabilities  were  computed  for  its  various  operational 
modes . 


-1- 


3.1  AN/WLR-1G  SYSTEM  DESCRIPTION 


The  AN/WLR-1G  receiving  set  is  comprised  of  a number  of  units  which  contain  RF 
tuners,  frequency  converters,  RF  switches,  power  supplies  and  a pulse  analyzer. 

When  coupled  with  the  AS-899/ SLR  and  othe*.  antennas,  the  AM-1017B  Magnetic  Control 
Amplifier,  the  C-3118  Control  Indicator  and  the  AN/WLA-3B  Amplifier,  a complete 
ESM  receiver  system  is  formed.  This  is  the  surveillance  system  currently  being 
used  in  the  fleet. 

The  AN/WLR-1G  equipment  is  physically  split  into  three  locations  when  installed 
aboard  ships.  The  tuners,  power  supplies  and  RF  switches  are,  in  most  ships, 
installed  in  an  ESM  equipment  room.  The  antennas  are  mast  mounted,  either  forward 
or  aft,  depending  on  the  ship's  configuration.  The  frequency  converters,  pulse 
analyzers  and  various  control  units  are  located  in  the  operators’  area  in  the  CIC. 
Figure  3-1  presents  a pictorial  representation  of  the  system  components. 

3.1.1  OPERATIONAL  REQUIREMENTS 

Normal  Operation  of  the  AN/WLR-1G  is  through  direct  control  of  the  equipment  by  the 
operator.  A minimum  of  2 people  are  required  to  stand  watch  on  this  equipment  and 
four  hours  is  the  maximum  time  an  operator  would  normally  be  required  to  stand  watch 
before  being  relieved.  For  extended  operational  periods,  4 or  more  persons  may  be 
required  to  man  the  AN/WLR-1G  for  a given  ESM  surveillance  function. 

Initially,  the  operator  sets  the  equipment  for  an  acquisition  function  of  operation 
and  begins  to  look  for  an  indication  of  a signal  (or  signals)  on  the  display.  Upon 
detecting  a signal  the  operator  sets  the  equipment  for  the  analysis  function  and 
determines  rignal  bearing  and  signal  characteristics  via  the  display. 


r \ 
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By  comparing  the  observed  signal  parameters  with  those  found  in  specific  operator 
handbooks,  the  operator  identifies  the  signal  and  determines  if  it  represents  a 
threat  to  the  ship. 

The  AN/WLR-1G  system  (Band  9)  has  the  capability  of  intercepting  and  analyzing 
CW,  FM,  AM  and  pulsed  signals  wtihin  the  7,300  MHZ  to  10,750  MHZ  frequency  range; 
however,  for  this  study,  FM  reception  was  not  considered  applicable.  Band  9 
sensitivity  and  bearing  resolution  is  -80  DBM  and  + 2.5°  azimuth,  respectively. 


3.2  RELIABILITY  ASSESSMENT 

This  section  examines  the  methods  used  to  assess  reliability  for  the  AN/WLR-1G. 
Basically,  3M  field  data  supplied  by  Naval  Ship  Engineering  Center,  Norfolk,  was 
studied  and  used  to  determine  MDT  and  to  verify  results  obtained  through  Mil- 
Handbook  predictions.  Mil-handbook  predictions  were  used  to  derive  MTBF  and  MTTR. 
From  these  combined  results  inherent  and  operational  availabilities  were  calculated 
in  section  3.4. 

3.2.1  FAILURE  ASSESSMENT  FROM 3-M  FIELD  DATA 

Table  3-1  gives  the  summary  of  information  obtained  from  analyzing  1975  and  1976 
field  data.  Data  for  1975  was  for  the  full  year  while  1976  was  for  nine  months  only. 
Only  those  actions  identifying  parts  replaced  by  circuit  symbol  designation  were  tab- 
ulated. This  was  done  in  order  to  identify  failures  to  specific  units.  As  can 
be  seen  from  Table  3-1,  there  was  an  insufficient  quantity  of  usable  entries  to 
determine  failure  rates  for  all  units  since  only  202  of  the  listings  (98  out  of  470) 
were  identified  to  the  unit  level. 

The  results,  therefore,  are  presented  mainly  for  comparison  with  the  Mil-Handbook 
predictions  of  Table  3-2.  Appendix  A provides  a listing  of  the  3-M  data  which  was 


used. 


TABLE  3-1 


3-M  FAILURE  DATA  SUMMARY  - AN/WLR-1G 


- 1 

UNIT 

DESCRIPTION 

1975 

1976 

TOTAL 

PERCENT  OF 

FAILURES 

FAILURES 

FAILURES 

TOTAL  FAILURES 

..  1 

* CV-732D 

Band  1 Tuner 

1 

4 

5 

5.10 

..  1 

* CV-733D 

Band  2 Tuner 

2 

2.04 

1 

* CV-734D 

Band  3 Tuner 

4 

1 

5 

5.10 

* * 1 

* CV-735D 

Band  4 Tuner 

2 

0 

2 

2.04 

* CV-736D 

Band  5 Tuner 

1 

1 

2 

2.04 

tV-1159A 

Band  6 Tuner 

4 

0 

4 

4.08 

*CV— 1160A 

Band  7 Tuner 

3 

3 

6 

6.12 

1 

*CV-1161A 

Band  8 Tuner 

0 

2 

2 

2.04 

1 

CV-1162A 

Band  9 Tuner 

1 

5 

6 

6.12 

1 

CV-741D 

Freq.  converter 

6 

3 

9 

9.18 

CV-742D 

Freq.  converter 

5 

1 

6 

6.12 

1 

IP-480 

Pulse  Analyzer 

13 

11 

24 

24.49 

1 

C-2697G 

Control  Storer 

2 

4 

6 

6.12 

RF-89D 

Freq.  Discriminator 

No  Data 

PP-2156D 

Power  Supply 

0 

3 

3 

3.06 

Li 

PP-2157D 

Power  Supply 

6 

2 

8 

8.16 

1 

J-1008C 

Interconnect  Box 

1 

1 

2 

2.04 

u 

1 

SA-608C 

Antenna  Switch 

No  Data 

1 

SG-333D 

Pulse  Test  Equip. 

0 

3 

3 

3.06 

f j 

U 

SA-609C 

Antenna  Switch 

No  Data 

SA-616B 

R.F.  Switch 

2 

0 

2 

2.04 

n 

SA-608C 

Antenna  Switch  . 

0 

2 

2 

2.04 

fl 

I 

50 

48 

98 

1002 

fl 

♦Results  were 

not  included  in  band  9 

study 

l 

I 
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3.2,2  FAILURE  ASSESSMENT  BY  MIL  HANDBOOK  PREDICTION 

A reliability  prediction  was  performed  according  to  the  procedures  of  MIL-HDBK-217B . 

The  generic  method  of  Section  3 in  217B  was  used  on  the  AN/WLR-1G  to  obtain  a 
preliminary  estimate  for  this  study.  Mechanical  part  failure  rates  were  assigned 
from  data  found  in  the  RAC  document  "Nonelectronic  Parts  Reliability  Data"  and  the 
"Mechanical  Design  and  Systems  Handbook".*  Appendix  B lists  the  generic  failure 
data  for  all  electronic  and  dynamic  mechanical  parts  by  units  for  the  AN/WLR-lG 
and  for  peripheral  equipment.  Table  3-2  shows  a summary  of  the  total  failure  rate 
and  MTBF  by  unit  and  peripheral  equipment  designation.  These  data  were  used  in 
the  availability  indices  derived  in  section  3.4. 


3.2.3  RELIABILITY  BLOCK  DIAGRAMS  WITH  FAILURE  ASSESSMENTS 

Reliability  block  diagrams  were  developed  for  the  three  functional  modes  (DF, 
acquisition  and  analysis  for  band  9 operation)  from  the  functional  block  diagram 
In  figure  3-2.  The  reliability  block  diagrams  indicate  what  is  contained  in  each 
block  and  whether  equipment  operation  is  in  a series  or  parallel  (redundant)  function. 
Figure  3-6  shows  the  overall  combined  operation  reliability  block  diagram. 

Figures  3-3,  3-4  and  3-5  provide  the  apportioned  failure  rate  reliability  block 
diagrams  for  the  DF  mode,  acquisition  mode  and  analysis  mode,  respectively. 


Once  failure  rates  are  assigned  to  the  blocks  shown  in  the  reliability  block  diagram, 
the  overall  mode  failure  rate  and  hence,  MTBF  can  be  found  for  a particular  mode, 
by  the  equation: 


I 


I 


R(t)dt  = • R5  6(t)dt 


" Z (Ai),:  A t 

where:  Rj,(t)  * e =e  for  1 = 1,  2,  3,  A,  7-14 


A, t A,t  -(A-  +A,)t 
_ / . ^ -5  — o — e 5 o 

R5,6(t)  “ e + e 


But,  for  the  series  blocks, 


£tyt)dt n fe 


-Y  dt  = MTBF_  = _1_ 

^ A 


[3-2] 


and,  the  redundant  blocks. 


R5  6(t)dt  = ^[e-  + e“  fit  - e_(A5  +A6),:]dt 


[3-3] 


_1+  _1  __X_ 

A5  A6  A5+A6 


Then  substituting. 


AZ  A5  A6 


1 + 1 + 1 


VY 


Shown  below  are  the  resultant  MTBF's  for  the  different  modes  of  operation 


MTBF  (HOURS) 


Acquisition 


Analysis 


Combined 


TABLE  3-2 
AN/WLR-1G  SYSTEM 
RELIABILITY  PREDICTION  SI 


AN/WLR-1G  FUNCTIONAL  BLOCK  DIAGRAM  - BAND  9 TUNING 


REMAINING 
P/0  2A4 


RELIABILITY  BLOCK  DIACRAM  - DF  FUNCTION,  BAND  9 
FIGURE  3-3 


AN/  WLR-1G  RELIABILITY  BLOCK  DIACRAM  ANALYSIS  MODE 
FIGURE  3-5 


If 


3.3  MAINTAINABILITY  ASSESSMENT  OF  THE  AN/WLR-1G 

This  section  will  examine  the  methods  used  to  derive  a maintainability  figure  for 
the  WLR-1G  system.  Both  3-M  field  data  analysis  and  Mil-Handbook  predictions  were 
used.  Because  of  the  3-M  data  was  insufficient,  the  prediction  techniques  of  MIL- 
HDBK-472  were  used  to  provide  the  maintainability  figure  (MTTR)  used  in  the  calcu- 
lation of  availability.  3-M  field  data  was  used  to  obtain  mean  down  time  used  in 
the  calculation  of  operational  availability. 


3.3.1  SYSTEM  CONSTRUCTION 

The  WLR-1G  receiver  is  made  up  of  separate  units.  These  units  represent  a functional 
block  of  the  system,  such  as  tuner,  power  supply,  etc.  Within  some  of  these  units 
are  removable  (plug-in)  assemblies.  Most  of  these  assemblies  are  made  up  of  discrete 
electronic  parts;  tubes,  resistors,  capacitors.  In  the  tuners  the  assemblies  are 
sealed  modules  requiring  replacement  of  the  whole  assembly  rather  than  repairing  it 
by  a particular  replacement  part.  The  remainder  of  the  units,  such  as  the  power 
supply,  are  comprised  of  chassis  parts  which  are  individually  replaced  when  faulty. 


The  peripheral  equipments  (AS-899,  AN/WLA-3B,  AM-1017,  C-3118)  are  made  up  of 


electronic  and  mechanical  parts.  Some  of  these  parts,  especially  in  the  AS-899, 
form  assemblies.  Most  of  the  parts  in  the  WLA-3  are  modules  which  are  replaced 
intact. 


3.3.2  REPAIR-TIME  AND  DELAY  TIME  FROM  3-M  FIELD  DATA 

The  first  3-M  field  data  evaluated  covered  the  period  1974  through  June  1976  and 
included  a total  of  352  maintenance  actions.  Of  these,  44  were  identifiable  to  the 
unit  level.  Except  for  the  IP-480  unit,  the  data  sample  of  unit  repair-times  was 
too  small  to  determine  a usable  average  repair  times  (MTTR)  to  be  used  in  the  band  9 
availability  study.  Repair-time  data  is  summarized  in  tables  3-3  and  3-4  mainly  for 
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TABLE  3-3 


I 


UNIT  NAME 

NUMBER  OF 
REPAIR  ACTIONS 

AVERAGE  REPAIR  TIME* 
(Man-Hrs ) 

(No.  Repair  Actions  x 1.5) 

RF  Tuner,  CV1162 

5 

5.3 

RF  Switch,  SA-609C 

1 

2.7 

RF  Switch,  SA-bl6C 

1 

13.3 

Converter,  CV-742 

3 

16.4 

Azimuth  Ind.,  IP  480 

22 

7.1 

Control  Storer 

4 

5.5 

Power  Supply,  PP2156 

3 

10.2 

Power  Supply,  PP2157 

4 

13.5 

Interconnect,  J-1008 

1 

2 

*The  Naval  Ship  Engineering  Center, Norfolk  determined  that  on  the  average  , 1.5  men  are 
used  for  each  repair  task.  Therefore,  man-hours  are  divided  by  1.5  to  determine 
repair  time. 


L5- 


TABLE  3-4 


IP  480  ASSEMBLY  LEVEL  REPAIR  TIMES 
3-M  DATA  1974  THROUGH  JUNE  1976 


Assembly  Name 

Number  of 
Repair  Actions 

Avg.  Repair  Time* 
Man-Hrs 

• 

No.  Actions  x 1.5 

A1 

Video  AMP 

4 

2.3 

A 2 

Panoramic  AMP 

1 

1.3 

A3 

0-5  M Sec  Sweep 

1 

1.3 

A4 

Pulse  Stretcher 

1 

40 

A5 

5-500  M sec  Sweep 

none  listed 

- 

A6 

Not  Used 

none  listed 

- 

A7 

.5-50k  M Sec  Sweep 

none  listed 

- 

A8 

Horiz-Vert  AMP 

none  listed 

- 

A9 

DF  PRE-AMP 

none  listed 

- 

A10 

Scan  Video 

none  listed 

- 

All 

DF/Scan  Selector 

none  listed 

- 

A12 

Scan  Deflection 

3 

2 

A13 

Freq . Ind . 

6 

10.8 

A14 

Ind.  Servo  AMP 

none  listed 

- 

A15 

Equipment  Cabinet 

1 

20 

Chassis 

4 

1 

2.6 

Not  Identificable 

1 

4.0 

Total 

22 

*The  Naval  Ship  Engineering  Center  has  determined  that  on  the  average,  1.5  men  are 
used  for  each  repair  task. 


study  and  comparison  with  Mil-Handbook  predictions  in  section  3.3.3.  Appendix  C 
contains  the  3-M  Field  Data  analysis  sheets. 


A second  set  of  3-M  field  data  covering  the  period  January  through  June  1978  was 
also  evaluated.  It  included  the  185  maintenance  actions  plotted  in  figure  3-7. 

The  plot  shows  an  exponential  distribution  of  repair  times.  An  exponential  distribu- 
tion of  repair-time  is  typically  found  for  equipments  which  have  relatively  low 
repair-times  i.e.  most  repairs  are  accomplished  within  a short  time.  For  the 
AN/WLR-lG  receiver,  a low  repair-time  would  be  expected  considering  that  plug-in 
tubes  are  the  most  frequent  repair  time.  (These  results  correlate  with  the  results 
obtained  in  the  next  section  from  Mil-Handbook  predictions.) 


Examination  of  the  field  data  showed  that  the  AN/WLR-lG  receiver  inherently  requires 
a high  number  of  relatively  short  repairs.  In  addition,  the  IP-480,  which  requires 
the  most  frequent  repairs,  was  usually  repaired  within  the  .6  to  3 hour  time  span. 
The  less  frequent  repair-times  had  long  durations  indicating  that  repair-times 
reported  may  include  administrative  or  logistics  delay  time.  (Sample  size  for  the 
AS-899  and  AN/WLA-3B  was  too  small  for  individual  analysis) 


Delay  time  was  tabulated  from  the  above  sets  of  3-M  field  data  and  shown  in  Table  3-5. 


TABLE  3-5 


ESTIMATED  DELAY 

TIMES  FOR  AN/WLR-1G 

EQUIPMENT 

' 

ESTIMATED  DELAY  TIME 
(hcurs) 

WLR-1G  Receiver 

49 

899  Antenna 

79 

WLA-3B  Amplifier 

89 

C-3118  Control 

79 

AM  101 7B  Mag  Amp 

95 

These  data  were  used  to  obtain  mean  down  time  for  the  operational  availability  cal- 
culations in  Tables  3-7  through  3-10  by  adding  the  respective  equipment  delay  time  to 
the  associated  MTTR  (MDT  * MTTR  + Delay  Time) . 

3.3.3  REPAIR-TIME  EVALUATION  BY  MIL-HANDBOOK  PREDICTION 

Since  repair-times  could  not  be  adequately  determined  from  the  3-M  field  data,  a 
maintainability  prediction  using  procedure  II  of  MIL-HDBK-472  was  performed  to  assess 
an  MTTR  figure  (see  Table  3-6) . Detailed  time  estimates  and  procedures  are  summarized 
in  Appendix  C. 

Examination  of  Table  3-6  shows  relatively  long  repair  times  associated  with  the  antenna, 
the  antenna  control  and  the  Preamp.  Both  the  antenna  and  the  WLA-3B  Preamp  are  mast 
mounted  and,  therefore,  difficult  to  access  for  maintenance. 


WLR-1G  REPAIR  INCIDENTS  VS.  REPAIR  TIME  (LINEAR  SCALE) 


TABLE  3-6 


MTTR  SUMMARY  FOR  AN/WLR-1G 


BLOCK 

DESCRIPTION 

MTTR  (HRS 

1 

Antenna,  AS-899 

6.0 

2 

Ant.  Control,  C-3118 

5.1 

3 

Ant.  Mag.  Amp.  , AM-1017 

5.1 

4 

Preamp.  Control,  WLA-3B 

5.0 

5 

P/0  Preamp.,  WLA-3B 

5.0 

6 

P/0  Preamp.,  WLA-3B 

\ 

Antenna  Switch  , SA-609C 

5.0 

7 

2.2 

8 

Band  9 Tuner  , CV-1162A 

2.35 

9 

RF  Switch  , SA-616C 

2.48 

10 

P/0  Freq.  Converter,  CV-742D 

4.79 

11 

P/0  Analyzer , IP-480 

3.16 

12 

Control  Storer,  C-2697G 

3.2 

13 

Power  Supplies , PP-2156  & 2157 

2.3 

14 

Racks 

2.3 

MTTR  System  (Combined  mode)  * 3.35  hours 


The  Control  Indicator  C-3118  has  micro  switches,  synchros  and  resolver  which 
have  long  interchange  and  alignment  times.  These  components  contribute  heavily  to 
the  C-3118  overall  high  repair  time  - in  the  order  of  1.5  to  2 hours  of  the  5.1 
hour  MTTR. 


The  Mag  Amp  AM  1017  has  a high  repair-time  primarily  because  of  difficulty  in 
isolating  faults  and  performing  alignment.  Coordination  effort  is  required  to  ensure 
proper  antenna  rotation.  In  addition,  by  nature  the  magnetic  amplifier,  circuits  are 
difficult  to  troubleshoot  because  proper  understanding  of  its  operation  is  difficult 
for  most  technicians.  Some  of  its  components  are  also  difficult  to  access  because 
of  equipment  construction. 


The  CV-742D  Converter  has  a high  repair-time  because  of  lengthy  alignment  procedures. 
Alignment  along  contributes  about  3 hours  of  the  4.79  MTTR. 


3.4  AVAILABILITY  INDICES  FOR  THE  AN/WLR-1G 


Both  Inherent  and  Operational  Availability  indices  were  determined  for  the 
AN/WLR-1  The  results  are  presented  in  tables  3-7  through  3-10  for  the  several 
operational  modes  of  the  system.  Inherent  availability  is  defined  as  the  probability 
that  at  any  point  in  time  the  system  will  perform  th'  specified  function(s)  for  a 
successful  mission.  All  support  requirements  are  fully  available.  Redundancy  is 
considered  applicable  and  delay  times  are  not  existent.  Operational  Availability 
is  defined  as  the  probability  that  at  any  point  in  time  the  system  is  fully  opera- 
tional to  perform  in  the  particular  mode  of  interest.  Redundancy,  therefore,  would 
not  be  considered  and  all  delay  times  are  considered  as  part  of  total  down  time. 

The  Inherent  and  Operational  Availability  math  models  used  in  these  calculations  are 
given  in  Appendix  D. 


AN/WLR-1G  DF  MODE  AVAILABILITY 
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INHERENT  AVAILABILITY  0.97454204  0.9745396  0.97453530  0.97453206  0.97453006 


3.4.1  DISCUSSION  OF  AN/WLR-1G  RESULTS 

As  seen  from  the  Tables,  the  inherent  availability  remains  nearly  constant  over  the 
selected  time  periods.  The  slight  change  that  occurs  in  the  numerical  value  of 
availability  is  due  to  the  slightly  increasing  probability  of  failure  of  the  redundant 
path  as  the  time  period  increases.  The  small  change  in  availability  indicates  that 
the  redundant  path  failures  have  a small  effect  on  overall  inherent  availability. 


The  operational  availability  figures  shown  in  the  tables  are  probably  representative 
of  day  to  day  activity  over  the  1 year  period  — that  is,  the  time  expended  in 
keeping  the  equipment  at  optimum  conditions.  To  assess  the  impact  of  down  time  on 
operational  availability,  the  contribution  of  the  several  elements  of  down  time 
may  be  evaluated.  Administrative  time  may  be  mathematically  estimated  from  known 
distribution  of  repair  time*.  Such  an  estimate  for  this  system  would  range  from  0.5 
to  1 hour.  PMS  time  is  found  to  be  137.8  hours  from  the  PMS  Table  in  Appendix  C by 
adding  the  appropriate  maintenance  times  over  a 1 year  period.  The  MTBF  for  the  system 
is  found  to  be  101.7  hours  by  summing  all  failure  rates  shown  in  Table  3-10  . The  MDT 
is  found  to  be  72  hours  by  finding  the  average  of  the  failure-rate-weighted  Delay 
Times  in  Table  3-10.  The  resultant  one  year  down  time  is: 

MDT  =72  hours. 

Number  of  failures  per  year  = (24  hours) (365) /(MTBF  + MDT)  = 51 

Down  Time  = Repair  Time  + Logistics  Delay  + (1.0) (51)  + 137.8 
yr.  yr.  yr. 

From  the  above  equation.  Logistics  Delay^  is  derived  to  be  3261.2  hours.  The 
constituent  elements  of  MDT  with  their  respective  percent  distributions  were 


*Administrative  time  may  be  estimated  by  assuming  a Weibull  distribution  function 
and  proportional  to  repair  time.  Reference:  Reliability  Engineering,  Arinc  Re- 
search Corp.,  New  Jersey,  Prentice-Hall,  1968. 
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determined  and  are  tabulated  below: 

4»  I 

ITEM 

HOURS 

PERCE! 

1 

Repair  Time/yr. 

171 

4.7 

Logistics  Delay  Time/yr. 

3261.2 

90 

1 

Administrative  Time/yr. 

51 

1.4 

1 

PMS  1 yr. 

137.8 

3.8 

Total  Down  Time 

3621 

100 

«»  I 

3.5  HIGH  FAILURE  COMPONENTS  IN  THE  AN/WLR-lG 

s * 
1 
A 

If 

A 

i 
i 
i 
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Key  failures  which  impact  both  MTTR  and  MTBF  are  as  follows: 

1.  One  half  of  repair  actions  (22  out  of  44)  over  a 30  month  period 
were  associated  with  the  IP-480  display.  These  took  7.1  hours  on 
average  to  repair,  or  156.2  hours  (Table  3-3) 

2.  Converter  CV-742  is  the  unit  showing  the  longest  repair  time.  This 
is  16.4  hours  MTTR.  Three  repair  actions  were  involved  causing  a 
49.2  hour  experience (Table  3-3). 

3.  Tubes  account  for  50%  of  system  failures  RV  resistors  account  for  24% 
of  system  failures  (Of  104  variable  resistors,  68  are  in  the  IP-480) 

These  data  are  derived  from  both  the  3-M  field  data  and  predictions  based  on  Mil- 
Handbook  217B.  Table  3-11  provides  a comparison  of  the  distribution  of  failures 
based  on  field  data  and  Mil-Handbook  analysis.  Although  the  actual  numerical  values 
differ,  the  proportions  seem  to  track  quite  well  for  most  of  the  units.  The  great- 
est disparity  is  found  in  the  failures  for  the  band  9 tuner.  The  field  failures 
found  were  mostly  in  the  regulator  subassembly.  A more  in-depth  study  of  the 
regulator  problem  is  currently  under  study  by  Naval  Ship  Engineering  Center,  Norfolk 
the  cognizant  field  activity  for  the  AN/WLR-1G. 
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TABLE  3-  11 


AN/WLR-1G  FIELD  DATA  vs  PREDICTED  FAILURE  RATE 


% OF  TOTAL  SYSTEM  FAILRUE  RATE 


UNIT 

DESCRIPTION 

FIELD  DATA 

ANALYTICAL 

* CV-732D 

Tuner 

5.10 

2.37 

* CV-733D 

Tuner 

2.04 

2.35 

* CV-734D 

Tuner 

5.10 

2.37 

* CV-735D 

Tuner 

2.04 

2.36 

* CV-736D 

Tuner 

2.04 

5.32 

* CV-1159A 

Timer 

4.08 

2.76 

* CV-1160A 

Tuner 

6.12 

2.79 

* CV-1161A 

Tuner 

2.04 

2.60 

CV-1162A 

Tuner 

6.12 

2.61 

CV-741D 

Freq.  Converter 

9.18 

7.43 

CV-742D 

Freq . Converter 

6.12 

8.36 

IP-480 

Pulse  Analyzer 

24.49 

26.24 

C-2697G 

Control  Storer 

6.12 

6.93 

RF-89D 

Freq.  Discriminator 

0 

7.47 

PP-2156D 

Power  Supply 

3.06 

5.97 

PP-2157D 

Power  Supply 

8.16 

10.10 

J-1008C 

InterconnectBox 

2.04 

0.41 

SA-608C 

Ant.  Switch 

0 

0.17 

* SG-333D 

Pulse  Generator 

3.06  (test  equip.)  - 

Rack  20 

Elect.  Cabinet 

0 

0.20 

Rack  21 

Elect.  Cabinet 

0 

0.17 

Rack  22 

Elect.  Cabinet 

0 

0.19 

Rack  23 

Elect.  Cabinet 

0 

0.18 

Rack  24 

Elect.  Cabinet 

0 

0.19 

Rack  25 

Elect.  Cabinet 

0 

0.33 

Rack  26 

Elect.  Cabinet 

0 

- 

SA-609C 

Ant.  Switch 

0 

0.14 

SA-616C 

R.F.  Switch 

2.04 

0.05 

SA-608C 

Ant.  Switch 

2.04 

0.18 

*Not  pertinent  to  the  current  study. 

3 
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A review  of  the  3-M  Reports  for  the  AS-899  antenna  showed  an  MTBF  of  704  hours 
versus  1420  derived  by  the  handbook  prediction  method.  The  3-M  Reports  used, 
covered  a 2 1/2  year  period  from  1976  through  June  1978  and  was  applicable  only  to 
the  AS-899  E and  F configuration. 

The  data  on  the  antenna  were  investigated  to  attempt  to  determine  if  the  fiber/ 
metal  gears  used  in  the  drive  train  experienced  a higher  failure  rate  than  estimated. 
The  data  did  not  show  the  gears  to  be  a troublesome  area  but  rather  the  couplings. 
Further  investigation  revealed  that  this  indication  is  supported  by  opinion  of  per- 
sonnel involved  in  maintenance  of  this  equipment,*  and  coupling  failure  was  attributed 
to  erroneous  installation  during  repair.  The  metal  couplings  are  used  to  connect 
the  removable  sections  of  the  drive  train  such  as  synchro  and  motor  shafts  to  the 
main  drive.  Here  again  a more  in-depth  study  of  the  coupling  mechanization  may  be 
required  to  determine  the  nature  of  the  problem. 


♦Personnel  at  Navelex  Supply,  San  Diego,  were  asked  about  gear  failure  experience 
and  revealed  instead  that  couplings  failed  often  due  to  erroneous  installation. 
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4.0  STUDY  OF  THE  AN/SLQ-32(V) 2 


The  SLQ-32(V)2  at  this  time  is  in  the  early  operational  evaluation  phase. 

Evaluation  of  the  first  article  production  model  of  each  suite  will  be  starting 
very  shortly,  therefore,  its  evaluation  for  purposes  of  this  report  relies  very 
heavily  on  information  gained  from  other  engineering  analyses  and  the  Technical 
Manuals. 

4.1  SYSTEM  DESCRIPTION 

The  SLQ-32(V)2  is  a passive  ESM  system  providing  automatic  threat  acquisition 
identification  and  display.  Figure  4-1  provides  a functional  block  diagram  of  the 
system.  Figure  4-2  provides  an  overall  functional  descriptive  block  diagram.  A 
thorough  and  detailed  functional  description  is  found  in  reference  1;  however,  for 
background  purposes  of  this  report,  some  description  significant  to  this  report  is 
reiterated  here. 

Signals  are  received  via  a fixed  antenna  array  system.  The  antenna  system  is  divided 
into  four  multibeam  antenna  arrays  and  two  semi-omnidirectional  antennas  to  cover 
bands  2 and  3.  Four  spiral  antennas  are  used  for  band  1.  The  multi-beam  arrays 
provide  direction  finding  redundancy  and  graceful  degradation  as  discussed  in 
Section  4.2.2.  Frequency  information  is  processed  through  omni  antennas  and  the  IFM 
sections  (1A1  and  1A2)  and  fed  to  the  computer  for  digital  processing.  Amplitude  and 
angle  information  is  correlated  in  the  Angle  Encoder  and  fed  into  the  computer  for 
digital  processing.  The  digital  subsystem,  consisting  of  1A4 , 1A5,  1A6  and  2A5 
provides  the  automatic  threat  identification  processing  for  storage  and  display  to  the 
operator. 

Although  the  Technical  Manual  does  not  describe  separate  modes  of  operation  for  the 
AN/SLQ-32(V) 2,  it  may  be  separated  into  three  functional  schematic  loops.  The  three 
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Functional  Block  Diagram 


BAND  1 ESM 


I 

I 

I 


Figure  4-2.  ESM  Functional  Operation 


loops  are  DF,  Frequency  Measurement  and  Band  1 Reception.  In  this  report,  the  loops 
will  be  designated  as  the  DF  Mode,  Frequency  Measurement  (Acquisition)  Mode  and  Band  1 
Reception  Mode.  DF  Mode  results  in  the  determination  of  threat  bearing  of  emitters  in 
bands  2 and  3.  The  Frequency  Measurement  (Acquisition)  Mode  results  in  the  determina- 
tion of  the  frequency  and  pulse  parameters  of  band  2 and  3 emitters.  Band  1 Reception 
Mode  detects,  determines  bearing  and  provides  analysis  of  emitters  in  band  1. 

4.1.1  OPERATIONAL  REQUIREMENTS 

Operation  of  the  system  requires  a three  shift  watch  by  operators  trained  to  perform 
unscheduled  maintenance.  Much  of  the  system  operation  is  conducted  automatically 
using  the  software  program  stored  in  the  computer.  The  operator's  function  is  to  start 
or  stop  operation,  load  the  computer  program  when  needed,  evaluate  the  tactical  situation 
and  to  enter  data  into  or  give  commands  to  the  system  via  the  computer.  The  com- 
puter provides  "prompting"  when  data  is  needed  from  the  operator.  The  operator  may 
enter  direct  conmands  into  the  computer  to  override  certain  automatic  functions  when 
required.  The  system  controls,  indicators,  and  monitor  are  located  on  the  Display 
Console  (5A2,  figure  4-1)  . The  detailed  function  of  each  control  and  indicator  is 
provided  in  reference  1 (Technical  Manual) . 

System  design  is  based  on  a modularity  concept.  It  is  intended  to  have  organiza- 
tional support  by  replacement  of  Ship  Replaceable  Assemblies  (SRA)  such  as  printed 
circuit  cards,  RF  modules  and  power  supply  assemblies.  Repairable  SRA's  will  be 
returned  to  the  depot  for  repair.  A minimum  of  intermediate  repair  will  be  performed 
on-board  ship  and  limited  to  replacement  of  connectors,  repairing  broken  wires, 
solder  connections  and  similar  corrective  maintenance.  Although  support  is  currently 
being  handled  by  the  contractor,  the  deployment  stage  support  is  to  be  determined  by 
the  Navy  at  a later  date.  This  study  assumes  the  Navy  will  support  the  deployment 
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stage.  Appendix  B of  reference  2 includes  a listing  of  units,  assemblies  and 
piece  parts.  Suite  2 includes  approximately  430  SRA's. 

4.2  RELIABILITY  ASSESSMENT 

The  AN/SLQ-32(V)  is  currently  going  into  evaluation  of  the  first-article  production 
model.  Field  data  of  the  production  configuration  is  non-existent  and  a limited 
amount  of  data  is  available  on  the  prototype  model.  This  reliability  evaluation, 
therefore,  is  heavily  dependent  upon  earlier  engineering  analyses. 

4.2.1  FAILURE  ASSESSMENT  FROM  FIELD  DATA 

The  prototype  AN/SLQ-32(V)  equivalent  to  suite  3,  compiled  1034  operating  hours  of 
TECHEVAL  operation  (reference  3)  on  board  the  USS  Leahy.  Some  additional  operation 
was  gained  on  board  the  USS  Virginia,  however,  results  of  that  evaluation  were  not 
available  in  time  for  this  report.  Operation  on  board  the  Leahy  reported  eight 
maintenance  actions  against  the  ESM  portion  of  the  system.  Of  these  8,  two  were 
reported  as  failures  which  would  have  resulted  in  loss  of  mission  performance  capabil 
ity  yielding  an  observed  MTBF  of  517  hours.  Table  4-1  provides  a summary  of  the 
results.  Because  of  the  short  duration  of  evaluation  and  only  two  failures,  the 
observed  MTBF  was  not  considered  applicable  for  this  study.  Moreover,  the  failures 
are  probably  representative  of  early  life  failures  rather  than  random  failures. 

One  significant  observation  resulting  from  Techeval  is  that  there  were  no  reported 
incidents  of  computer  memory  alteration.  Memory  retention  capability  provides 
added  confidence  to  overall  computer  reliability  (including  computer  power  control 
logic)  since  memory  alteration  would  be  one  of  the  most  probable  failure  modes  of  the 
computer  or  its  power  source. 
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TABLE  4-1 


AN/SLQ-32 (V)  PROTOTYPE  TECHEVAL  DATA  SUMMARY 


ESM  Operating  Hours  1034 

ESM  Total  Maintenance  Actions  8 

ESM  Maintenance  Actions  considered  major  failures  2 

ESM  Maintenance  Actions  considered  minor  failures  3 

ESM  Maintenance  Actions  considered  preventive  maint.  3 

ESM  Total  Major  Failure  corrective  maintenance  time  3 

ESM  Total  Minor  Failure  corrective  maintenance  time  5 

ESM  Total  Preventive  Maintenance  time 
★Observed  ESM  MTBF  517 

★Observed  ESM  Mean  corrective  maintenance  time  1 

★Observed  ESM  inherent  availability  0. 


hours 


96  hours 
.2  hours 
.76  hours 
hours 
98  hours 
996 


★Based  on  2 major  failures  which  prevented  ESM  mission  accomplishment. 


I 

■f 

•1 

•2.2  FAILURE  ASSESSMENT  BY  MIL  HANDBOOK  PREDICTION 

•I 

A reliability  prediction  has  already  been  prepared  by  the  contractor  for  the 

" * 

AN/SLQ-32(V) . Because  of  its  voluminous  size,  the  complete  prediction  is  not  included 
in  this  report,  but  is  summarized  for  ease  of  reference.  The  complete  prediction  is 
contained  in  Appendix  C of  reference  4.  The  method  used  to  determine  part  failure 
rates  was  according  to  section  2 of  MIL-HDBK-217B , Part  Stress  Analysis  Prediction. 

Table  4-2  provides  the  summary  of  failure  rates  applicable  to  each  functional  block  of 
the  AN/SLQ-32(V)2.  The  portion  of  the  system  comprising  each  block  is  also  identified. 

All  blocks  have  a duty  cycle  of  1.0  except  for  the  tape  transport  unit  in  block  K. 

It  has  been  assessed  that  this  unit  is  used  10%  of  the  time. 

The  assumptions  and  conditions  used  in  determining  reliability  for  this  study  were: 

(a)  The  ESM  system  is  required  to  operate  100%  of  the  mission  time. 

(b)  Mission  success  is  defined  to  be  threat  location  and  identification 
within  the  system  specifications  given  in  Specification  ELEX-C-243C, 
paragraph  3.2.1  and  Table  III. 

(c)  The  system  is  capable  of  performing  a successful  mission  under  the 
graceful  degradation  specified  in  ELEX-C-243C,  paragraph  4.5. 3.1  and  listed 
here  in  Table  4-3. 

Figures  4-3,  4-4,  4-5  and  4-6  are  the  reliability  block  diagrams  for  the  AN/SLQ-32(V) 2 
ESM  system.  As  seen  in  figure  4-3,  system  redundancy  is  provided  in  blocks  A 
through  D for  the  DF  Mode  of  Operation.  (Redundant  elements  are  indicated  by  the 
lower  case  letters).  The  numbers  in  the  brackets  at  the  bottom  of  the  blocks  indicate 
the  degree  of  graceful  degradation.  For  block  A there  are  a total  of  38  A^  elements 
and  any  combination  of  35  or  more  elements  operating  (with  three  or  less  in  a failed 
state)  will  provide  operation  with  some  degradation.  Thus,  35  out  of  38  are  required  j 

for  mission  success  even  though  some  degradation  of  performance  occurs,  reference  . 

table  4-3. 

Q 
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AN/SLQ-32(V) 2 DF  MODE  Overall  MTBF  = 452 

FIGURE  4-3 


AN^LQ-32 (V) 2 FREQUENCY  MEASUREMENT  (ACQUISITION)  MODE 
FIGURE  4-4 
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AN/SLQ-32(V)2  Band  1 Reception 


Reliability  Block  Diagram  SLO-32(V)2  Combined  Modes 
Figure  4-6 


The  failure  rates  given  in  figure  4-3  and  4-6  for  blocks  A,  B,  C and  D are 
determined  by  the  combined  parallel  path  probability  computation  as  a function 
of  time.  The  rates  shown  are  for  a 168  hour  time  period  chosen  because  the  contrac- 
tor has  recommended  this  as  the  time  between  full  system  checkout.  The  equation 
used  for  this  computation  is  given  by  the  partial  redundancy  equation, 

yt)  = J (“)  p (t)  k [k-p(t)]m_k  [4-i] 

i=k 

where:  k out  of  m are  required  and, 
p(t)  = e~}it 

The  equivalent  failure  rate  is  then  determined  by  the  equation; 


0/\(t)dt  [4-21 

Failure  rates  for  other  time  periods  are  determined  in  a similar  manner.  The  system 
mean-time-between  failures  (MTBF)  is  then  determined  for  the  168  hour  period  by  the 
summation  of  failure  rates; 


MTBF  = 1 

= 1 

= 1 

A 

system 

L Ai 

E 1 

(.000001)  (4)  + (1.33321)  (4)  + 

i=A 

- 1 

452  hours  for  the  DF  Mode 

2213.429 

4.2.3  HIGHEST  CONTRIBUTORS  TO  SLQ-32(V)2  FAILURE  RATE 

No  single  assembly  (SRA)  has  the  concentration  of  high  failure  rate  items.  A very 
course  breakdown,  in  terms  of  functional  sections,  of  the  contribution  to  a total 
system  failure  rate  of  3860  x 10  ^ (Figure  4-6)  is: 
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The  power  supplies  consist  of  18  AC  to  DC  power  supplies  and  17  regulator  assemblies. 

In  the  display  the  CRT  appears  to  be  the  only  single  part  type  with  a high 
contribution  to  failure  rate  (After  semiconductors  and  integrated  circuits) . The 
computer  is  composed  primarily  of  ICs  and  the  core  memory  which  contributes  about  33% 
of  the  485.3  failures/10^  hour  failure  rate. 

In  the  RF  section,  some  of  the  portions  showing  a high  contribution  to  failure  rate 

j 

are  the  IFM-Preamp-Multiplexer , CFR,  DCU  and  Angle  Encoder.  Except  for  Integrated 
Circuits  (IC's)  none  of  those  units  appear  to  have  a high  concentration  of  high 
failure  rate  components.  Among  RF  oscillators,  directional  couplers,  attenuators  and 
filters,  the  failure  rates  are  well  distributed.  Overall,  there  are  approximately 
5000  IC's  used  in  suite  2 with  an  assigned  failure  rate  of  0.1034  failures/10^  hours. 

This  amounts  to  approximately  13%  of  the  total  system  failure  rate.  However,  these 
5000  IC's  are  well  distributed  among  units  of  the  system. 

4.3  MAINTAINABILITY  ASSESSMENT  OF  THE  AN/SLQ-32(V) 2 

The  maintainability  assessment  of  the  AN/SLQ-32(V) 2 relied  heavily  on  the  technical 
analysis  already  performed  by  the  contractor.  The  maintainability  assessment  was 
directed  mainly  toward  identifying  the  associated  repair  times  of  the  functional 
blocks  making  up  the  suite  2 model.  Within  the  functional  blocks,  there  are  a total 
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of  432  ship  replaceable  assemblies  (SRA's)  Table  4-4  provides  a breakdown  of  the  loca- 
tions of  the  units  and  SRA's.  The  SLQ-32(V)  maintenance  design  concept  is  to  re- 
pair by  replacement  of  modules  (SRA's)  on  board  ship.  The  units  range  from  3/4  to 
1 1/2  ATR  size  units.  Access  to  SRA's  in  Rack  1 is  by  loosening  swing  bolt  nuts, 
sliding  out  unit,  removing  unit  covers  held  with  quick  removal  Dzus  fasteners  and 
SRA  removal.  Access  to  SRA's  in  the  Console  is  by  removal  of  8 front  panel  quick 
disconnect  type  screws  and  sliding  out  console  unit.  Access  to  exterior  SRA's  is 
by  opening  hinged  antenna  enclosure  panels,  disconnecting  and  tagging  cables, 
loosening  swing  bolts  and  removing  entire  assembly.  Assembly  covers,  cables  and 
SRA  holding  screw  are  then  removed. 

4.3.1  REPAIR-TIME  EVALUATION  FROM  FIELD  DATA 

At  the  time  of  this  study,  the  only  field  data  available  on  equipment  repair-time 
was  from  Techeval  (reference  paragraph  4.2.1).  In  addition,  the  repair-time  data 
measured  for  39  maintenance  actions  and  24  tasks  performed  during  maintainability 
demonstration  testing  was  also  available.  Of  these,  it  was  determined  that  8 
maintenance  actions  and  16  demonstration  tasks  were  for  equivalent  suite  2 ESM 
hardware.  The  data  was  tabulated  and  is  shown  in  Tables  4-5  and  4-6. 

Table  4-5  is  a summary  of  the  observed  repair  time  for  correction  of  the  faults 
that  occurred  during  the  Techeval  program  aboard  the  USS  Leahy.  Table  4-5  also 
compares  the  observed  repair  time  to  the  repair  time  shown  derived  by  Mil- 
Handbook  prediction.  Table  4-6  is  a summary  of  the  observed  repair  times  (cor- 
rective maintenance  times)  from  the  i-oecified  maintenance  tasks  performed  during 
the  Maintainability  Demonstration  Test,  reference  3.  Table  4-6  also  provides 
the  predicted  repair  time  for  comparison.  Demonstration  data  shows  observed  MTTR 
better  than  predicted  values.  Maintenance  tasks  during  Techeval  (Table  4-5) 
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TABLE  4-4 

AN/SLQ-32(V)2  SYSTEM  CONSTRUCTION 


EXTERIOR  EQUIPMENT 


PORT 

DESCRIPTION 

STARBOARD 

UNIT 

22 

Band  1 Antennas  (mast) 

Unit  32 

No  SRA 

No  SRA 

UNIT 

20 

Array  Antenna  Assemblies 

Unit  30 

A1 

Array  Antenna  Enclosures 

A1 

8 SRA's 

Chasis  Parts 

8 

SRA's 

A3 

1 SRA 

Semi-omni  Antenna 

1 

SRA 

A3 

A4 

1 SRA 

Semi-omni  Antenna 

1 

SRA 

A4 

A5 

22  SRA's 

Band  3 DFR 

22 

SRA’s 

A5 

A6 

22  SRA's 

Band  3 DFR 

22 

SRA's 

A6 

A7 

14  SRA’s 

Band  2 DFR 

14 

SRA's 

A7 

A8 

14  SRA's 

Band  2 DFR 

14 

SRA's 

A8 

All 

10  SRA's 

Semi-omni  Preamp 

10 

SRA's 

All 

A12 

29  SRA's 

Angle  Encoder 

29 

SRA’s 

INTERIOR  EQUIPMENT  - EW  ROOM 


UNIT  1 


A1  15  SRA's 
A2  15  SRA's 
A3  22  SRA's 
A4  48  SRA's 
A5  38  SRA's 
A7  7 SRA's 
UNIT  4 
UNIT  11 

7 SRA's 


— 


UNIT  5 
A1  4 SRA’s 
A2  34  SRA's 


I 


RACK  1 

IFM  Multiplexer 
IFM  CFR 

Band  1 Receiver,  DCU 
Direction/Frequency  Corelator 
Digital  Computer,  CP-1374 
Rack  1 Power  Distribution  Box 
Heat  Exchanger  (optional) 
Power  Distribution  Box 
Chassis  parts 


INTERIOR  EQUIPMENT  - CIC  ROOM 

Operator  Display  Console 
Tape  Transport  Assembly 
Console 
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TABLE  4-5 

AN/SLO-32(V)  TECHEVAL  OBSERVED  REPAIR  TIME 


MAINTENANCE  ACTION 


XN-1 

MINOR  FAILURES 

REPAIR 

TIME  (HR) 

REPAIR 

TIME  (HR) 

Display  Console 

4k  x 16  Mem.  Module  7A5A17 

0.5 

0.52 

Unit  20 

Band  2 DFR,  CVR  20A12A10 

1.5 

1.13 

Unit  30 

Band  2 DFR,  MPLXR  30A10A6 

3.2* 

1.28 

XN-1 

MAJOR  FAILURES 

Unit  1 

Memory  Card  1A1A2A8 

1.75 

0.77 

Unit  2 

IFM  Pre  Amp  2A1A3V2 

2.21 

No  equiv. 

found 

XN-1 

PREVENTIVE  ACTION 

Display  Console 

Trace  Alignment 

0.16 

“ 1 

Unit  2 

IFM  Sensitivity  Adjust. 

0.5 

1 

Display  Console 

Filter 

0.1 

1 

*Added  17.3  hour  delay  time  recorded 

1 

1 

1 

1 

XN-1 
OBSERVED 


(V)2 
PREDICTED 


TABLE  4-6 

AN/ SLQ-32 (V)  MAINTAINABILITY  DEMONSTRATION  DATA 
DEMONSTRATED  REPAIR  TIMES 


DEMONSTRATED  AN/SLQ-32-(V) 2 


Ij 

UNIT 

FAILURE  SYMPTOM 

MAINTENANCE 
TIME  (Hrs) 

PREDICT 
30  JULY 

T , 

IFM  MUX  IA1A3 

SOT  + 28V  Power  Supply 

.61 

.93 

H 

Display  5A2 

Bright/Dim  Characters  (CARD) 

.16 

.52 

r . 

SIOC  1A4 

SDT-Serial  Message  (CARD) 

.3 

0.7 

1 1 

BD  3 DFR  20/ 
30A5/6 

+5V  Power  Supply  (Outside) 

.64 

.13 

BD  3 DFR 
20/30A5/6 

+5V  Power  Supply  (Outside) 

.97 

.13 

IFM  MUX  1A1A3 

SOT  + 15V  Power  Supply 

.93 

0.93 

Display  5A2 

No  Circle  Format  (CARD) 

.16 

.52 

| 

SIOC  1A4 

SDT  Serial  Message  (CARD) 

.45 

.7 

— - 

(V) 3 TGU 

SOT  IND  + 15V  Power  Supply 

- 

» m | 

SIOC  1A4 

SDT  Serial  Message  (A-15)  CARD) 

.37 

.7 

• ( 

(V)3  TGU 

SDT  SSW  (A- 20  CARD) 

1 

* m • 

DFC/DTU  1A4 

Process  Control  (A-6  CARD) 

.25 

.7 

SIOC  1A4 

SDT  Serial  Message  (A-15  CARD) 

.23 

.7 

(V)3  TGU 

SOT-HDT  (A-4  CARD) 

- 

' 

DFC/DTU  1A4 

Frequency  TOL  (A-15  CARD) 

.2 

.7 

— 1 

IFM/CFR  1A2 

SOT- 12V  Regulator  (A- 13  CARD) 

1.2 

1.16 

1 

•m 

BD  2 DFR  20/ 
30A7/8 

-12V  Regulator  (Outside) 

.65 

.13 

IFM  MUX  1A1 

SOT  (CARD) 

.21 

.93 

#ak 

IFM  PREAMP 

SOT  +28V  Power  Supply 

.48 

- 

Hi 

SIOC  1A4 

Loose  Cable  Connector  J-8 

.18 

- 

(V) 3 TGU 

SDT  SSW  (CARD) 

- 

- 

n 1 

Display  5A2 

A/N  MEMORY  (CARD) 

.27 

.52 

O' 

(V) 3 XMTR 

TWT  (BOTTOM) 

- 

- 

1 

(V) 3 XMTR 

TWT  (BOTTOM) 

- 

- 

show  repair-times  about  equivalent  to  predicted  values. 


4.3.2  REPAIR-TIME  EVALUATION  BY  MIL  HANDBOOK  PREDICTION 

The  maintainability  prediction  is  provided  in  reference  2,  Maintainability 
Prediction  Report,  CDRL  AOOV.  The  technique  was  based  on  MIL-HDBK  472.  As- 
signed elemental  task  times  (such  as  assembly/disassembly  interchange  times) 
were  either  taken  from  MIL-HDBK  472  or  based  on  knowledge  and  experience  with 
the  equipment.  The  resultant  overall  MTTR  from  this  prediction  is  1.045  hours. 

For  purposes  of  this  study,  repair-times  for  the  corresponding  blocks  of  Table  4-2 
were  extracted  from  the  prediction  and  are  listed  in  Table  4-7.  The  Band  1 
Antenna  and  the  Console  Footswitch  were  assigned  a repair  time  of  720  hours  be- 
cause they  are  not  designated  ship  replaceable  items  and  it  was  estimated  the 
ship  would  return  to  port  after  30  days. 

4.3.3  ESTIMATED  DOWN  TIME 

Although  support  for  the  evaluation  stage  is  currently  being  handled  by  the  con- 
tractor, support  of  the  deployment  stage  has  not  been  defined.  As  a result,  the 
current  Navy  support  conditions  applicable  to  the  AN/WLR-1G  are  assumed  for  this 
study.  The  delay  time  of  49  hours  estimated  for  the  WLR-1G  Receiver  (Table  3-5 
and  section  3.3.2)  was  incorporated  into  Operational  Availability  calculations  for 
the  AN/SLQ-32(V)2.  By  adding  this  delay  time  of  49  hours  to  the  MTTRs  given  in 
Table  4-7,  the  resultant  MDT  used  in  the  projected  field  operational  availability 
calculations  is  determined  by  (MDT  = MTTR  + Delay  Time). 

4.4  AVAILABILITY  OF  THE  AN/SLQ-32(V) 2 

The  same  approach  used  for  determining  availability  indices  for  the  AN/WLR-1G 
was  used  for  AN/SLQ-32(V)2.  Predicted  repair-times  (MTTR)  were  used  to  calculate 
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a 


TABLE  4- 7 


I 

I 

I 

I 

I 

1 

1 

1 

1 

1 

l 


AN/SLQ-32 (V) 2 PREDICTED  REPAIR  TIMES 


BLOCK  UNIT/SRA  REPAIR  TIME(Hrs . ) 


A 

P/O  20A7,  Band  2 Array 

2.44 

B 

P/O  20A7,  Band  2 Lenses 

2.44 

B 

20A7,1I,12  Band  2 CVR 

.56 

C 

P/O  20A5,  Band  2 Array 

2.84 

D 

P/O  20A5,  Band  2 Lenses 

2.84 

D 

20A5  A2,  Band  3 CVR 

.56 

E 1 

P/O  20A7,  8,  Band  2 DFR 

1.35 

E 2 

P/O  20A5,  6,  BAnd  3 DFR 

1.51 

F 1 

20A3,  Semi-omni 

2.73 

F 1 

20A4,  Semi-omni 

2.73 

F 2 

Unit  22,  Band  1 Antenna 

720* 

F 3 

20A11,  Band  2,  3 RF  Amp 

1.36 

F 4 

20A12,  Angle  Encoder 

1.04 

F 5 

20A1,  Exterior  Enclosures 

0.58 

G 1 

1A1,  IFM-MPLXR 

1.3 

G 2 

1A2,  CFR 

1.04 

G 3 

1A3,  Band  1 DCU 

1.01 

H 

1A4,  Correlator 

0.73 

J 

1A5,  7 Comp.,  I/O 

0.89 

K1 

5A1 , 2 Tape  Trans  & Console 

0.69 

K2 

Footswitch 

720* 

L 

Unit  11,  Power  Dist. 

0.36 
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*not  repairable  aboard  ship 


System  MTTR*=1.045  Hrs. 


inherent  availability  and  operational  support  logistics  delay  reflected  in  the 
WLR-1G  field  data  (Table  3-5)  was  used  to  calculate  AN/SLQ-32(V)2  operational 
availability.  For  the  AN/SLQ-32(V)2  ESM,  the  following  statement  of  conditions 
are  given: 

- Models  used  for  availability  for  the  AN/WLR-1G  are  also  applicable 
to  the  AN/SLQ-32 

A successful  mission  may  be  achieved  for  the  duration  of  the  mission 
even  though  graceful  degradation  has  occurred. 

- Spares  availability  is  such  that  on  the  average  49  hours  of  logistics 
delay  occur  for  each  failure  over  a 1 year  period*. 

Finally,  the  availability  calculations  for  the  separate  modes  (Tables  4-8  through 

4-11)  were  computed  by  means  of  the  math  models  presented  in  Appendix  D. 


4.4.1  DISCUSSION  OF  AVAILABILITY  RESULTS 

The  resultant  calculations  of  availability  are  shown  in  Tables  4-8  through  4-11 
The  change  in  inherent  availability  over  the  7 to  365  days  is  seen  to  occur  only 
for  the  DF  mode  and  combined  mode  operation.  This  effect  is  due  to  the  fact  that 
the  failure  rate  for  blocks  A,  B,  C and  D are  the  only  significant  parameter 
changes  with  time.  A steady  state  inherent  availability  has  been  reached  at 
7 days  and  only  the  small  increase  in  failure  rate  for  blocks  A through  D are  reflected 
in  the  calculations.  Because  of  this  effect,  steady  state  inherent  availability 
(At  , ) may  be  approximated  by  the  steady  state  equation, 

X S C6ddy  S L3t6 


I steady  state 


MTBF 


MTBF  + MTTR 


♦Because  delay  time  was  only  known  for  a one  year  period,  Operational  Availability 
was  not  calculated  for  other  periods. 
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TABLE  4-9 

AN/ SLQ-32 ( V) 2 Frequency  Measurement  (Acquisition)  Mode  Availability 
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where  values  for  MTBF  are  taken  directly  from  the  reliability  block  diagrams 
(figures  4-3  through  4-6)  and  the  system  MTTR  in  Table  4-7.  The  steady  state 
operational  availability  (Aq  stea(jy  state^  ma^  aPProx^mate<^ 


o steady  state 


MTBF 


MTBF  + MDT 


where  values  for  MTBF'*'  and  MDT  must  be  derived  from  the  parameters  listed  in 
Tables  4-8  through  4-11.  The  derivation  is  shown  below  and  the  results  given  for 
only  the  combined  mode  (Table  4-11)  . 


The  DF  Mode  (bands  2 and  3)  has  the  highest  inherent  availability  figure  due  to 
the  antenna  array  redundancy.  The  redundancy  results  in  a failure  rate  that  is 
lower  than  for  the  Frequency  Measurement  Mode  or  Band  1 Reception  Mode. 


1 1 


The  Operational  Availability  for  Band  1 Reception  is  seen  to  be  the  highest  of 
the  three  modes  of  operation  for  the  AN/SLQ-32(V) 2.  It  is  interesting  to  note 
that  although  inherent  availability  is  highest  for  the  DF  Mode  (bands  2 and  3) , 
operational  availability  is  not.  The  reason  for  this  effect  is  due  to  the  assump- 
tions made  for  operational  availability,  i.e.,  operational  availability  requires 
total  system  (or  mode)  fully  up.  Thus,  all  the  blocks  become  series  paths.  To  have 
the  entire  system,  for  example,  in  a fully  operational  condition,  all  block  failure 
rates  in  Table  4-11  are  summed  and  found  to  be  5783  failures/10^  hours,  or,  173 
hour  MTBF.  The  associated  MDT  is  found  to  be  50  hours  by  taking  the  average  of  the 
failure-rate-weighted  down  times  in  Table  4-11,  and,  the  approximate  steady  state 
operational  availability  is; 

MTBF1 

A 1 

o steady  state  MTBF  + MDT 


173 


173  + 50 


0.776 
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The  added  effect  of  using  non-ship-repairable  items  (band  1 antenna  and  the  foot 
switch)  may  be  assessed  by  comparing  the  inherent  availability  for  Band  1 Reception 
(Table  4-10)  with  the  availability  computation  excluding  the  two  items.  Band  1 
Reception  availability  for  a 7 day  period  and  excluding  blocks  F2  and  K2  in 
Table  4-10  is  0.99834522  compared  to  0.9980222  for  the  complete  Band  1 availability 
in  Table  4-10.  The  effect  would  be  even  less  for  the  other  modes  considered. 
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5.0  RESULTS  AND  CONCLUSIONS 

The  objective  of  this  study  was  an  attempt  to  form  the  most  representative 
availability  models  of  the  AN/WLR-1G  and  the  AN/SLQ-32(V) 2 in  order  to  obtain 
insight  into  the  areas  that  significantly  affect  availability  of  an  ESM  equip- 
ment. By  concentrating  on  these  areas,  future  improvements  to  ESM  avail- 
ability may  be  pursued  in  an  effective  manner.  In  this  regard,  the  current 
study  will  serve  as  a "baseline"  for  the  ESM  Availability  Improvement  Program. 

5.1  LIMITATIONS  TO  AVAILABILITY  OF  THE  AS/WLR-1G  and  AN/SLQ-32 
A.  Inherent  Availability 

Inherent  availability  is  a function  of  both  failure  rate  and  MTTR.  Thus,  improve- 
ments in  inherent  availability  must  necessarily  start  with  these  factors  while 
insuring  that  the  stated  ESM  performance  goals  are  not  degraded. 


I 


L 


In  the  AN/WLR-1G  any  improvements  to  inherent  availability  is  related  mainly 
to  replacing  the  IP-480  by  a state-of-the  art  IF  processor  and  display  unit. 

No  significant  improvement  in  inherent  availability  could  be  achieved  by 
merely  making  internal  modifications  to  the  IP-480;  a complete  technology  shift 
from  vacuum  tubes  and  RV  resistors  and  CRT  displays  is  required.  In  addition, 
circuit  redundancy  and  self-test  features  throughout  the  AN/WLR-1G  is  lacking. 
These  features  should  be  added  for  additional  improvement  in  inherent  avail- 
ability. A course  estimate  of  the  boundry  of  improvement  to  be  expected  by  a 


B 


new  IP-480  design  would  be  about  a maximum  of  144  hour  MTBF  for  the  Combined 
Mode  (from  106  hours),  assuming  that  the  new  IP-480  would  have  a failure  rate  of 
1000  failures/10^  hours  rather  than  3490  f/10^  hours  shown  in  figure  3-6. 


fi 


The  power  supplies  and  Frequency  Converter  (CV-742)  could  be  improved  similarly 
(to  failure  rates  of  1000  and  500  failures/10^  hours  for  power  supplies  and 
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CV-742  respectively).  Assuming  replacement  (collective  improvement)  of  these 
items,  the  overall  maximum  expected  system  MTBF  would  be  approximately  193  hours. 


If  an  overall  maximum  MTBF  of  193  hours  is  obtained  this  would  (using  an  MTTR  of 
3.35  hours  from  Table  3-6),  enhance  availability  as  follows: 


steady  state 


MTBF 

MTBF  + MTTR 


193 

193  + 3.35 


0.983* 


The  study  of  the  AN/SLQ-32(V) 2 has  shown  that  although  the  complexity  is  high,  the 
predicted  reliability  is  also  reasonably  high.  This  is  not  meant  to  imply  that 
it  could  not  be  significantly  improved.  The  primary  reason  for  its  higher  reliabil- 
ity is  the  application  of  digitized  circuitry  with  its  low  power,  low  failure  rate 
IC  circuitry. 


As  the  SLQ-32(V)2  now  exists,  an  inherent  availability  of  approximately  0.996  is 
realized.  This  valve  may  be  approximated  by  the  equation. 


steady  state 


MTBF 

MTBF  + MTTR 


(5-1) 


For  an  MTBF  of  259  hours  and  an  MTTR  of  1 hour, 


steady  state 


259 

260 


0.996 


In  order  to  realize  an  inherent  availability  of  0.998,  the  reliability  must  be 
doubled; 


a qq  A 

MTBF  - MTTR  (j^)  steady  state  - 1.0  (-^^f)  “ 499  hours 
It  is  very  unlikely  that  the  SLQ-32(V)2  reliability  could  be  doubled  merely  by  a 
design  change,  lowering  stress  levels  or  effecting  parts  quality  improvement.  Added 
redundancy  would  probably  be  the  most  feasible  method  of  design  change  to  improve 
the  MTBF. 

♦Compared  to  results  of  0.968  from  Table  3-10. 
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Improving  availability  in  either  the  AN/SLQ-32(V) 2 or  the  AN/WLR-1G  by  improving 
maintainability  may  be  seen  as  being  less  practical,  even  for  the  AN/SLO-32(V) 2 . 


For  example: 


KITE  - MTBF  (^)  „teady 


259  <7§§f)  “ °-52  hours 


An  MTTR  of  0.5  hours  is  probably  not  feasible  without  a considerable  amount  of 
added  built-in  self  test  and  re-packaging  exterior  equipment. 


B.  Operation  Availability 


Operational  availability  is  a function  of  support  and  logistics  in  addition  to 
failure  rate  and  MTTR.  Thus  it  relates  to  equipment  design  and  established  logistics 
support. 


Study  of  the  field  data  for  the  WLR-1G  system  showed  logistics  delay  time  (Table  3-5) 
accounting  for  most  of  the  operational  down  time.  This  observed  delay  time  so 
overwhelms  the  inherent  repair  time  that  it  would  seem  futile  to  attempt  improving 
the  design.  This  conclusion,  however,  may  not  necessarily  be  the  correct  conclusion. 
Logistics  delay  may  be  the  time  spent  awaiting  parts,  time  spent  awaiting  technical 
assistance  or  time  spent  awaiting  test  equipment.  Most  often  delay  time  is  the  time 
spent  awaiting  parts.  The  3-M  data  showed  that  nearly  50%  of  the  parts  demanded  were 
not  on-board  when  required  — tubes  being  the  highest  in  demand  for  that  time  period. 
This  condition  is  indicative  of  supply  constraints.  No  matter  what  is  done  to  the 
design,  short  of  making  it  self-healing,  no  significant  improvement  would  be  realized*' 
in  availability  with  such  a high  delay  time. 


Finally,  the  3-M  data  indicated  that  some  parts  designed  into  the  equipment  are  not 
readily  available.  That  is,  parts  are  either  non-standard  or  require  unique  manu- 
facturing processes  such  as  the  gearing  in  the  antenna  or  the  RF  modules  in  the  tuners. 
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Although  the  parts  may  be  obtained,  often  long  lead  times  are  required  because  a 
manufacturer  discontinues  production  or  is  not  always  in  production.  Design  of 
equipment  with  many  unique  or  non-standard  parts,  therefore,  may  result  in  pro- 
moting long  delays  in  logistics. 

No  reason  could  be  found  in  the  research  of  the  3-M  data  as  to  why  supply  line 
conditions  exhibit  the  relatively  long  delays.  It  is  the  writer's  opinion  that 
this  delay  time  is  more  reprsentative  of  day  to  day  activities  where  little  or 
no  priority  is  assigned  to  obtain  replenishments.  For  those  failures  where 
mission  operation  was  critical,  a normal  system  of  priority  in  the  naval  supply 
system  would  expedite  the  required  material  at  a faster  rate  than  normal.  An 
in-depth  study  of.CASREP  data  would  be  required  to  determine  if,  in  fact,  a 
problem  of  long  delay  time  does  exist  in  the  supply  system  when  priority  re- 
quisitions are  involved. 

Nevertheless,  it  is  clear  that  operational  availability  for  both  the  AN/WLR-1G  and 
the  AN/SLQ-32(V) 2 is  impacted  most  by  delay  time.  Clearly  replenishment  support 
must  be  improved  and  a philosophy  implemented  to  ensure  that  standard  parts  are 
used  as  much  as  possible  in  ESM  design. 

5.2  AVAILABILITY  GUIDELINES  FOR  FUTURE  ESM 

The  results  in  section  5.1  based  on  a review  of  the  AN/WLR-1G  and  the  AN/SLQ-32(V) 2 
indicate  that  achieving  an  MTBF  of  500  hours  and  an  KTTR  of  0.5  hours  may  represent 
upper  limits.  These  data  are  tabulated  in  Table  5-1  to  show  the  effects  upon 
availability. 
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TABLE  5-1 


I 

I 

I 

I 

l 

1 


T 

Jw 


MTBF 


Probable  Achleveable  Ultimate  ESM  Availabilities 


MTTR 


(hours) 

(hours) 

Availability 

Difficul ty 

250 

1.0 

0.996 

modest 

250 

0.5 

0.998 

hard 

500 

1.0 

0.998 

hard 

500 

0.5 

0.999 

very  hard 

Design  efforts  to  obtain  these  goals  must  consider  the  following: 


1.  Use  of  self-test  features 

2.  Use  of  standard  components  based  on  a low  failure  rate  technology 

3.  Implementation  of  redundancy  - 

a.  Adoption  of  techniques  (for  example:  antennas)  wherein  per- 
formance "gracefully"  degrades  with  component  failure. 

b.  Separation  of  performance  functions  into  several  modes  of 
operation  wherein  failure  of  one  mode  would  still  permit 
mission  success  in  some  acceptable  degraded  capability 

4.  Quality  Assurance  and  Quality  Control  during  the  procurement  and 
development  stages 

5.  Mechanical  design  to  facilitate  access  and  to  minimize  environmental 
effects 

5.3  RECOMMENDATIONS 

The  following  studies  are  proposed  based  upon  conditions  discovered  during 
reliability  analysis  of  the  AN/WLR-1G  and  the  AN/SLQ-32(V) 2 : 

1.  Study  of  CASREPS  to  determine  if  supply  line  constraints  are  causing 
unnecessary  down  time. 

2.  Study  of  the  CV-3599  replacement  for  the  CV-741  and  CV-742  to  determine 
its  effect  on  AN/WLR-1G  MTBF. 

3.  Study  of  the  feasibility  of  replacing  the  IP-480  and  Power  Supplies 
(PP  21560  and  PP  2157D). 

4.  Study  of  the  AS-899  Antenna  drive  train  mechanization  to  determine  what 
may  be  causing  coupling  failures. 

5.  Study  of  the  CV-1162A  Tuner  regulator  to  determine  what  may  be  causing 
abnormal  high  failure  rate. 


The  studies  are  proposed  in  the  order  or  priority.  However,  it  has  been  indicated 
that  data  may  be  currently  available  that  would  minimize  the  extent  of  studies  2 and  3. 


GLOSSARY  OF  ABBREVIATIONS 


CASREP 

Casualty  Report 

CDRL 

Contract  Data  Requirements  List 

CFR 

Coarse  Frequency  Receiver 

CIC 

Combat  Information  Center 

DCU 

Digital  Control  Unit 

IFM 

Instantaneous  Frequency  Measuring  (Receiver) 

MDT 

Mean  Down  Time 

MTBF 

Mean  Time  Before  Failure 

MTTR 

Mean  Time  To  Repair 

Mux 

Multiplexer 

PMS 

Planned  Maintenance  Sub-system 

RAC 

Reliability  Analysis  Center  (Ref  6) 

RMA 

Reliability,  Maintainability  and* Availability 

SRA 

Ship  Repairable  Assemblies 

MIL-HDBK 

Military  Standardization  Handbook 

Mag  Amp 

Magnetic  Control  Amplifier  (AM-1017) 

RF  SW 

Radio  Frequency  Switch 

RV 

Resistor,  Variable 

P/0-WLA-3B 

Part  of  AN/WLA-3B 
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FART  CLASS:  ^o/zrCV 
IDF.SCRIPTION:  5 
FUNCTION: 


Multiplicative  Appl  icat  inn  Factors 
for  Environment 


Shipboard  &piZjnt>Asr~ 


9-0  * 


/.  O 


Knvii  oilmen  t : 

Factor: 

Failure  Definition: 

*-  A- ft  7?*  3 J’*-' 


w/i  Q/7# 


I 
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PART  CUSS: 

< w / rc  HC  S' 

DESCRIPTION: 

£r>&'n  /A)  L 

FUNCTION: 

FAILURE  RATE 

ENVIRONMENT 

Failures  Per  10^ 
Part-Hours 
(A) 

t,  Ecvs/ft 

o.  a«7 

SHIPBOARD 

AJ/>U 4L 

-2  •7/7’ 

5*/P8or>ZP 

L= — = 

2'»23 

FAILURE  RATE  CONFIDENCE  LIMITS 
90%  Interval 


LOWER  LIMIT 


UPPER  LIMIT 


Multiplicative  Application  Factors 
for  Environment 


Environment : 

Factor: 

Failure  Definition: 


*■  Cutlet 


Shipboard  , . 


/C  e L/*  V &K;VI  *7  6-K/T*  l— 
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PART  CLASS: 

"4  *&tr>Lsl  ri(Z.<i 

DESCRIPTION: 

5V*»CU**i 

R£ CKW  nee.  j T^a.  >*.v.  \ T tcm_ 

FUNCTION: 

1 

FAILURE  KATE 

FAILURE  RATE  CONFIDENCE  LIMITS 

90a  Interval 

ENVIRONMENT 

Failures  Per  10° 

Part-Hours 

(A) 

LOWER  LIMIT 

UPPER  LIMIT 

SHIPBOARD 


2.,\\S  * 


Mull  Ipl  leal  ive  Application  Factors 
for  Environment 


l'.nv  i i onmen  t : 
Fao  tor: 


Shipboard 

. * 


Alfc-fcoe.**r= 

3i4T_ 


Failure  Definition:^  PAQ.to®-  fcASr=V»  oA  OsOtirrfUji 

-t^.awswm  tthr.  ^A-res  , ^A.'bc_  - Te.  -is-*' 


PART  CLASS: 

4 «£-»<aj.\/c3«.s 

DESCRIPTION: 

FUNCTION: 

S>'r><LU«>-0 

teEccix-J  r*c*-  j T^ia*  >*vv.  n t tck_ 

ENVIRONMENT 


SHIPBOARD 


FAILURE  KATE 

Failures  Per  10^ 
Part-Hours 
(A) 


2.  , 9 4* 


FAILURE  RATE  CONFIDENCE  LIMITS 
90%  Interval 


LOWER  LIMIT 


UPPER  LIMIT 


Mull Ipl lent ive  Application  1 

•‘actors 

for  Environment 

Knvi  i oilmen t : Shipboard  fryK.%oe.t^f=. 

F.ietor:  1 * * •*'L- 

Failure  Definition:*  ^AC-fee-  O* 

T?.  AU  SYY\  l TTCrR.  fSjVTSS 

- Te-  - 7^- 

[PART  CI.ASS: 

I 

'description:  L\'rf\\-re  «~ 

FUNCTION: 


FAILURE  KATE 

FAILURE  RATE 

CONFIDENCE  LIMITS 

K\'V  1 KONMLKT 

Fail mes  l’cr  in*’ 

90": 

Interva 1 

Part-Hours 

(X) 

LOWER  LIMIT 

UPPER  LIMIT 

SHIPBOARD 

4.1*?*?  * 

Mu  1 1 1 p I leal  ivo  Appl  ik-.ii  ion  I'.utors 
for  Environment 


T‘:iv  i i .inmvnt  : Sliipliu.ird 

F.iotor:  ^ 

! .1  i J ure  Do  I ini  t ion:  ^As.£*»  0*4  A^^SLO<-3t-  '^s^acT 

S&AtA  FbC*-  'XT*=*V\'£. 


2A\Al3-/^.t  *&4  t>4-7 1 | (v)'3*  l**v\\'TE9i_  ysL&.-3-i~ 
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* 

I 


PART  CLASS: 

DESCRIPTION:  VtjvAt-Ct-. 
FUNCTION : 


FAILURE  RATE 

ENVIRONMENT 

Failures  Per  10^ 

Part-Hours 

(A) 

FAILURE  RATE  CONFIDENCE  LIMITS 
902  Interval 


LOWER  LIMIT 


UPPER  LIMIT 


Multiplicative  Application  Factors 
for  Environment 

Knv  i i onmout : 

Shipboard  SU|f»©ioAfe$>  . b)** 

Factor : 

1 7 

Failure  Definition: 

WiTSai-lAr4l<^i_ 

,THfeU5  H.3  , K)^  ( ****«_ 

c-*-rwi**v«e 

PART  CLASS: 

"T<iiArskS'rA|TTM  <_ 

DESCRIPTION:  \»0lu£V  ( 

- 

FUNCTION: 

ENVIRONMENT 

FAILURE  KATE 

Failures  1’cr  10*5 

FAILURE  RATE  CONFIDENCE  LIMITS 

90".  Interval 

Part-Hours 

(A) 

LOWER  LIMIT 

UPPER  LIMIT 

” 

£ PoO 

k'VJ  * 

SHIPBOARD 

kv?  * 

= 3<T,tl-)9 

Multiplicative  Application  Factors 
for  Environment 

' 

Fnv i ronmcnt : 

Shipboard  fepoo  C^-OOf-»T-> 

Vo%  \ Lr- 

Factor : 

\ 1 

3l\Oi- 

¥ 

Failure  Definition:*  ois  75-ai_  SUa^  T SkfcT'A 

c 

I 

( 


for  Knv  i ronnu-nt 


Knv  i i onmciu  : Shipboard 

ll'actor:  I ' 

failure  Definition:"^  <vi  -m-  7 s-av 


FART  CI.ASS: 

Ue^Tfe^s  , tzLG^rrK \o*L- 

DESCUll’TION: 

CsE^eetA  i— 

FUNCTION: 

ENVIRONMENT 


FA  1 LI! RE  RATE 

Fail  tiros  For  10^ 
Fa  rl-lluurs 
(A) 


Cfc*>U»V*>  (Y*=>fc,lLE  -4  >4(0^, 
SII1FBOAKD  * 


FA  I I.L'KE  RATE  CONFIDENCE  LIMITS 
90%  Interval 


LOWER  LIMIT 


OFFER  LIMIT 


i-'nvi  ronmcnt : 
Factor  : 


Mn  It  1 p I 1 cal  i vo  Application  Factors 
for  Environment 


Sh  i phi  on  nl  CjJLdv)  , Ws^l  i_rr. 

< l 


Failure  Definition:  * ^jsf^  - TO--'75  ~'x' 
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AGE  MAINTENANCE  TASK  TIMES,  HOUR 


nit 


Assembly 


mbMMBI  ■■■ 
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ASSUMPTIONS  FOR  ISOLATION  TIMES 


Control  Indicator  C-3118:  No  designated  test  points,  however  it  is  felt 
that  isolation  can  be  accomplished  below  the  group  level.  It  would  be  more 
time  consuming  than  a part  level  isolation  level.  Unit  level  isolation 
time  is  probably  a closer  average  isolation  time. 

AS  899  Antenna:  No  designated  test  points,  however  isolation  can  be 
accomplished  below  group  level.  For  the  antenna  because  of  the  coordina- 
tion effort  involved  to  access  portions  of  the  antenna  group  isolation 
time  would  be  more  time  consuming  than  part  level.  Unit  level  isolation 
is  probably  a closer  average.  Estimated  repair  time  is  5.0  hours  and 
approximately  1.5  hours  alignmeht  time  for  mechanical  parts. 

MAG  AMP  1017:  No  designated  test  points,  however  isolation  accomplished 
below  group  level  most  probably  closer  to  assenbly  level. 

SA609  RF  Switch:  No  designated  test  points,  however  isolation  accomplished 
at  lower  level  than  system.  Estimated  isolation  is  accomplished  at  part 
level  since  choice  is  only  between  2 parts. 

J1008C  Interconnect  Box:  No  designated  test  points,  however  isolation 
can  be  accomplished  at  lower  level  than  system.  Estimated  isolation  is 
accomplished  at  unit  level  due  to  fault  isolation  procedure  required  to 
be  used. 
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Re-install  A3 


ESTIMATED  INTERCHANGE  TIMES  (cont. 


Install  switch 


ESTIMATED  ACCESS  TIMES  FOR  UNIQUE  COMPONENTS 


AN/WLA-3B 


AMPLIFIER  SECTION 


CONTROL  INDICATOR 


CONTROL  IND.  C3118 


RESOLVERS 


MAG  AMP 


Mast  Mounted 

Coordinate  s/down  of  equip. *1-2  hrs. *1.5  hr. 
Coordinate  turn-on*  1.0  hr. 

MAST  MOUNTED  ACCESS  1 hr. 

Access, cut  potting, pull  amp,  = 1 hr. 

Easy  to  isolate, very  often  run  out  of  TWA's 
Check  out-  minimum 

Install  pannels  & pot  connector*l .5  hr. 

In  CIC  space  (below) .everything  easy  to  access 
and  fault  isolate  = total  1 hr. 
lamps  outside. 


Micro  switch  are  most  difficult  to  access,  time  2.0  hrs . 
Total  time  may  be  4 hrs. 

Pull  front  pannel  & other  parts. 

Long  time  to  isolate  x lhr.-3hrs.  for  loose 
conn. 

Alignment  time*  1.5  to  2.0  hrs. 

Front  pannel  difficult  to  isolate 
XFMR  difficult  to  isolate 

Low  knowledge  of  theory  of  op. 

1A1  faults  long  time  to  isolate  2-4  hrs. 

Access  time  for  back  parts  blower  & 
coils  take  long  time=lhr. 

Other  near  parts*. 5 hr. 


ESTIMATED  ACCESS  TIME  FOR  UNIQUE  COMPONENTS  (cont.) 


I 

I 

I 

Alignment  time  2 hr.  time  1AR1  difficult  to  set  for  proper 

7 

rotation  starts  at  the  group  level 


u 

0 
D 
0 
D 
0 
c 

G 

0 

C 

0 

E 

1 
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ESTIMATED  ALIGNMENT  TIMES 


AZIMUTH  INDICATOR,  IP-480 

15min  equip,  warm-up. 

Time  A.  0-5  Microsec  sweep 
min. 

5min  ^ Connect  pulse  Gen. 

3min.  2)  Adjust  intensity, focus .position  and  sync  level. 

1 3)  Adjust  0-5  trigger  A3R16  for  stabble  pulse. 

3 4)  If  required,  adjust  sync  range  by  adjusting  gain,  sync  range  sync  level  for 

max  noise  deflection. 

1 5)  Adjust  A4R11  for  base  line  sweep  position 

3 6)  Adjust  A3R20  for  6 pulses. 

3 7)  Adjust  A3R16.30  for  6 pulses  if  required. 

6 8)  Adjust  A3R38.50  for  observation  0 begin  & end  of  sweep. 

2 9)  Adjust  A3R20  for  6th  pulse  @ leading  edge. 

3 10)  Adjust  R16 

3 11)  Adjust  R20 

3 12)  Adjust  R30 

5 13)  Repeat  Adjusting  of  R20,  16,30,38,50. 

3 14)  Adjust  R50 

3 15)  Adjust  38 

3 16)  Adjust  C14 

3 17)  Adjust  R20 


53min. 


Time 

min. 


AZIMUTH  INDICATOR,  IP-480  (cont.) 


B.  5-400  Microsec  Sweep 

1)  Make  adjustment  A.  first 

2)  Approximately  70%  complexity  of  Adjustment  A. 


20 


3 


30 


60 


.0 


25 


C.  .5  K to  50  K Microsec  Sweep 

1)  Make  adjustment  A. 

2)  Make  adjustment  B. 

3)  Approximately  50%  complexity  of  Adjustment  B. 

D.  Sync  Range 

See  step  4 Adj  A. 

E.  Pan  Display 

see  adj.  A of  Swept  Oscill,  CV742  Adjustments 

F.  Scan  display  alignment  ^used  only  when  V2  is  replaced 
Approximately  same  complexity  as  Adj.  A. 

F.F.  Scan  Display  align,  minor  adjustment 
approximately  70%  complexity  adj.  F 

G.  DF  display  alignment 

1)  Adj.  sync  range  first 

2)  11  scan  diaplay  first 

3)  Approximately  40%  complexity  of  F Adj. 


FREQUENCY  CONVERTER  CV742 
Equ.  15  min.  - Equipment  warm-up 
160  MHZ  IF 

Time 

min. 

15  1)  Connect  Sig  Gen,  Test  Coupler,  UOM 

15  2)  Adjust  Gain  control  knob  for  VOM  Indication 

6 3)  Adjust  L9,  18,  76  for  max  deflection  @ 160  MHZ 

6 4)  Adjust  5,  15,  12  for  max  deflection  @ 148  MHZ 

6 5)  Adjust  3,  2,  19  for  max  deflection  @ 172  MHZ 

9 6)  Repent  steps  3,  4,  5 for  refinement. 

10  7)  Record  & plot  on  graph  paper  10  frequency  Vs  Amp  P.  data  points 

15  8)  Re-adjust  L9,  18,  26  to  obtain  flat  response  if  required 

82 

10  9)  Disconnect  equipment 

92 

Isolation  Amp 

15  1)  Similar  to  1 above 

15  2)  Similar  to  2 above 

5 3)  Adjust  L2  for  lowest  dip  resurance  point 

35 

39  MHZ  IF  - Narrow  band 
15  1)  Remove  tube 

15  2)  Similar  to  1)  above 

15  3)  Similar  to  2)  above 

5 4)  Adjust  T1  & T2  for  min.  reading 

15  5)  Replace  tube 

Fix  Oscill. 

1)  same  as  2)  above 

2)  same  as  2)  above 

3)  Adjust  L17  for  min  deflection 


35 
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Swept  Oscill. 


T 

A. 

Align  Panoramic  Display  (unit  12) 

i 

Time 

min. 

4# 

15 

1) 

Set  switch  positions  - 5 

;•  i 

15 

2) 

Remove  cover  on  Unit  10  & 11 

4 1 

15 

3) 

Connect  scope  to  Unit  10 

•J 

15 

4) 

Select  band  with  shortest  sweep 

6 

5) 

Adjust  R3,  R7  for  proper  pan  sweep 

6 

6) 

Adjust  R13,  R7,  R37,  for  centered  and  intensity  sweep 

3 

7) 

Adjust  R22/R18  on  either  unit  10/11  for  pan  sweep 

45 

B. 

Oscill.  Align. 

3 

1) 

Connect  Sig.  Gen.,  Test  Coupler,  VOM 

( 

3 

2) 

Adjust  gain 

l 

3 

3) 

Remove  tube 

[ 

3 

A) 

Adjust  L5  for  min  deflection  @ 160  MHZ 

3 

5) 

Adjust  R25  for  max  deflection®  150  MHZ 

[ 

3 

6) 

H It  If  II  II  II  j y q II 

r 

3 

7) 

" L13,  14,  15  for  max  deflection  (?  170  MHZ 

LI 

5 

8) 

Repeat  steps  5,  6,  7,  for  refinement 

fi 

3 

9) 

Adjust  R25  for  max  deflection  f>  160  MHZ 

L 

3 

10) 

Adjust  R26  " " " 

11)  Replace  tube 

12)  Adjust  gain  control  for  pan  display 

13)  " R25 


14)  " R 33 

15)  " L5 


II  ft  II 


II  fl  M 


'?  150  MHZ 
<150  " 


I 
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3 

16) 

Adjust 

R25 

[ 3 

17) 

tl 

R33 

3 

18) 

ft 

R26 

3 

19) 

It 

R29 

3 

[ 

20) 

tf 

R26 

3 

21) 

Tighten  4 ; 

10 

DISCONNECT 

65 

2 min. 

min 

- Test 

equ: 

9 160  MHZ 

" 170  " 

centered 

" left  @ 155  MHZ 


to 

20  min.  max. 


CONTROL  STORER,  C-2697 


1.0  hr 


. 5 hr . 


.75  hr 


1) 

Tighten  6 loosen  appropriate 

gear 

set  screws 

2) 

Align  pot  rotation 

3) 

Hold  pot  alignments  and  mesh 

gear 

train  at  stop 

4) 

Secure  gear  set  screws 

5) 

Index  control  knob  to  proper 

position 

6) 

Check  mechnical  interlock  adjustment 

Magnetic  Clutches  & Pots 

1)  Remo-e  friction  busing  set  screws 

2)  Adjust  manual  tune  control 

3)  Adjust  friction  drag  by  adjusting  set  screws 

4)  Repeat  adjustment  until  pot  shaft  responds  correctly 
to  associated  select  P/B. 

Tuner  Servo  Alignment 

1)  Connect  Sig.  Gen.  and  Oscilloscope 

2)  Adjust  Servo  gain  by  adjusting  R32,  44,  46 

3)  " Pos.  control  by  adjusting  R34,  R44 

4)  " R32  & R44  to  minimize  jitter 

5)  Repeat  to  achieve  max.  gain  with  min.  jitter 

6)  Connect  sig.  gen.  to  Unit  8 

7)  Adjust  Unit  8 input  controls 

8)  Adjust  gain  pot  R32  & R44  to  obtain  correct  signal  bloom 
display  on  panoramic  display 


CONTROL  STORER,  C-2697  (cont.) 


Scan  Gain  Adjustment 

1)  Set  G pots  to  CCW  position  - major  align. 

0.25  hr (mm)  2)  Rotate  band  selector  and  determine  which  band  has 
highest  noise  level  - major  align. 

0.45  hr  (major)  3)  Adjust  Gain  for  optimum  noise  display 

4)  Adjust  scan  gain  pots  to  obtain  optimum  noise  display  on 
each  band. 


CV  1162  ALIGNMENT 


10  min. 
to 

15  min. 


3 min,  x 9 
40  min. 


PRE-SEL 

1)  Adjust  all  cam  eccentrics  to  be  parallel  to  plate 

2)  Conn,  multimeter  sig.  gen. 

3)  Disconn.  Antenna 

4)  Cal.  sign,  gen  for  frequency  using  wavemeter  @ Ant.  Input 

5)  Adjust  each  eccentric  for  proper  frequency 


6) 

Conn  Sweep  Gen  to 

Ant.  Input 

10  min 

7) 

Conn.  Crystal  Det 

• 

to 

8) 

Conn  video  out  to 

scope 

15  min. 

9) 

Set  cam  eccentric 

to  lowest  position 

3 min.  x 9 

10) 

Set  eccentric  for 

symmetric  band  pass 

40  min 

5 min  Disconn  Test  equip. 

85  min 

20  min  Test  Equipment  warm  up 


105  min 
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PRE-AMP  ALIGNMENT 


1)  Rotate  tunning  slug  fully  CCW 

2)  Connect  Radio  test  set  AN/TRM-3  (1  cable) 

3)  Calibrate  to  20  MHZ 

4)  Loosen  lock  screw  on  Resonator  & adjust  to  Sync 
for  240  MHZ  marker. 

5)  Adjust  tunning  slug  for  min-amplitude 

6)  Connect  fixed  atten..  Detector  and  dummy  load 

7)  Set  sig.  Gen  to  400  MHZ 


8)  Adjust  Cl,  1,  10,  16,  L7 , L10,  L20,  Ti,  T2 , T3  for  max.  amplitude 


9)  Adjust  C17  for  center  frequency 


10)  Adjust  C16  for  peak  0 40  MHZ 

30  min. 

11)  Adjust  T3,  L20  for  peak  0 390  " 

" T2 , L20  " " 0 410  " 

12)  " L10  for  flat  response 


13)  Trim  up  all  adjustments 
3 min.  15)  Discount  all  equipment 


ESTIMATED  ALIGNMENT  TIMES  FOR  ANTENNA  GROUP  COMPONENTS 


A.  SYNCHRO  COUPLING 

5min.  (1)  Set  synchro  shaft. 

3min.  (2)  Set  synchro  coupling. 

lOmin.  (3)  Instsll  synchro  and  align  with  datum  points. 
20min. 


B.  SYNCHRO  ALIGNMENT 


5min. 

(1) 

Loosen 

6 screws 

on 

mounting  clamp. 

2min. 

(2) 

Align 

reflector 

to 

bench  marks  and  arrow 

5min. 

(3) 

Rotate 

synchro 

for 

0 movement . 

5min. 

(4) 

Secure 

synchro . 

17min. 

C.  AM-1017B/SLR  ALIGNMENT 


lmin. 

(1) 

lmin. 

(2) 

5min. 

(3) 

3min. 

(4) 

3min. 

(5.' 

5min. 

(6) 

5min. 

(7) 

5min. 

(8) 

5min. 

(9) 

Set  gain  pot.  on  magnetic  amplifier  CCW. 

Set  control  indicator  selector  switches. 

Energize  control  indicator  and  measure  voltages  at  TP2. 
Adjust  mag.  amp.  R15  for  minimum  voltage  reading. 

Adjust  mag.  amp,  R15  for  mimlmum  voltage  reading. 

Repeat  A)  & 5)  for  balance  reading  less  than  1.0V. 

Adjust  mag.  amp.  pot.  R1  for  maximum  voltage  reading. 
Adjust  Control  Ind.  error  pot  for  proper  antenna  rotation 
overshoot. 

Repeat  1-8  if  required  to  achieve  proper  overshoot. 


33min. 


ESTIMATED  ALIGNMENT  TIMES  FOR  ANTENNA  GROUP  COMPONENTS  (cont.) 


In  addition  to  corrective  maintenance,  the  technician  will  also  perform  pre- 
ventive mantenance  (PMS)  when  such  actions  are  scheduled.  A summary  of  the 
recomended  PMS  checks  in  the  technical  manual  are  listed  below.  Those  specified 
on  the  maintenance  index  page  (MIP)  are  shown  together  with  the  maintenance  time. 
A summation  of  the  indicated  MIP  maintenance  times  over  a one  year  period  totals 
137.8  hours. 

PMS 

DAILY  WLR  - Check  power  supply  voltage  using  built  in  meters 

- Check  oscillator  current  on  all  tuners  using  oscillator 
inject  meter 

- Check  grass  levels  on  all  tuners  using  IP-480  pan  trace 

- Check  audio  output  from  IP-480 
AM-1017B  - Measure  maximum  antenna  speed 

- Check  antenna  response  and  drift 
WEEKLY  WLR-1  - Check  power  supply  voltages 

- Check  C-2697  storage  channels 

- Check  calibration  of  IP-480  sweeps 

- Measure  AC  input  line  voltage 
MONTHLY  WLR-1  - Clean  air  filters  (MIP,  1.0  hr.) 

- Test  CV-741  and  CV-742  coverters  (MIP,  3.5  hr.) 

- Test  tuners  for  sensitivity  and  frequency  accuracy  (MIP,  6.4  hr  .) 
C-3118  - Test  operation 

- Check  antenna  alignment 
AM-1017B  - Clean  filter  and  inspect 

- Measure  input  and  output  signal  levels 
WLA-3B  - Clean  and  inspect 

- Operational  check,  measure  small  signal  gain  for  each  band 

232 

. . - 


3 


I 

1 

I 

1 


QUARTERLY  WLR-1  - Clean  and  inspect  (MIP,  1.5  hr.) 

- Check  RF-89,  FM  discriminator 

AS-S99  - Test  Antenna  operation 

SEMI-ANNUALLY  WLR-1  - Lubricate  tuners  and  Control  Storer.  (MIP,  0.5  hr.) 

- Check  RF  switch  insertion  losses 

AS-899  - Lube  and  inspect 

ANNUALLY  AS-899  - VSWR  Teats 


General  Purpose  Test  Equipment  For  the  WLR-1G 


CATEGORY 

Multimeter 

Electronic  Multimeter 
Differential  Voltmeter  (DC  VTVM) 
Signal  Generator 


Sweep  Generator 
Oscilloscope 

Test  Coupler  (Part  of  MK-442D/ 
WLR-1)  (Unit  30) 

Power  Meter 
Frequency  Meter 

Multimeters 

Oscilloscope 

Signal  Generator 

Radio  Test  Set 

Pulse  Generator 

X-Y,  Recorder 

Sweep  Generator 

Sweep  Generator  Tuning  Unit 

Sweep  Generator  Tuning  Unit 

Sweep  Generator  Tuning  Unit 

Sweep  Generator  Tuning  Unit 


RECOltttENDED  EQUIPMENT 

AN/PSM-4 

AN/USM-1 16 

CCUH-825A 

AN/URM-26B 

AN/URM-49A 

AN/URM-62A 

AN/URM-61 A 

AN/URM-52A 

CAOI-620A 

AN/TRM-3 

AN/USM-140  or 

AN/USM-105A 

30A2 

AN/USM-1 77 

CAOI-536A 

CAQI-537A 

AN/USM-34 
ME-6(  )/U 

AN/USM-24 

AN/USM-27 

TS-907/ULR 

HP-214A 

Moseley  H01-135C 
Alfred  650 
Alfred  651 
Alfred  652 
Alfred  653 
Alfred  654 
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Inherent  Availability  Model 

The  availability  math  model  used  to  compute  the  inherent  availability  for  the 
AN/WLR-1G  is  given  by, 

-t(pi  + Ai) ] 


A±  = e‘ 


pi  + Ai 


A - tt  A.  . A 


i - 1 


i * 5,6  for  N*  1,  2,  3,  4,  7 - 14 


where:  A.^  * Availability  of  the  ith  block 


Ag  **  System  Inherent  Availability 


A^  ••  Failures/10°  hours  for  ith  block 


Pi  = 1/MTTR  of  ith  block 


t * Time  in  hours 
For  the  redundant  blocks  5,  6 


5,6  M5  6 5.0  hours 


and  by  use  of  equations  3-3  and  3-4, 


A, t 


R5,6(t)dt  " f[e~  5 + e"  6 - e_(A5  +A6)C]dt 


f 3-3] 


MTBF 


5,6 


1 + 1 - 1 


X5  A6  A5+A6 


[3-4] 


the  availability  of  blocks  5,6  is  given  by, 

1 


A5>6  - ^5,6  + [e-at  ^ e-bt  - e-Ct] 


, r 

y5,6  MTBF 


5,6 


where : a « A^  + p^ 


b “ A,  + p 

c - a5  + A^  + P5  + pfi 


.1 


il 


0 


:i 


3 

B 

l 

0 
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Operaclonal  Availability  Model 

The  availability  math  model  used  to  compute  the  operational  availability  for  the 


AN/WLR-lG  is  given  by. 


-t(pi  + Xi)  , 
Pi+  e 1 

V.  , X. 

1 + 1 


A = 7T  A. 
° i = 1 1 


where:  A = Availability  of  ith  block 
i 

Aq  = System  Operational  Availability 
X^  = Failures/10^1  hours  for  ith  block 
= 1/MDT  of  ith  block 
t = 8760  hours 

Operational  Availability  was  computed  only  for  an  8760  hour  period  since  the 
logistics  delay  is  derived  as  an  average  over  1 year.  The  values  of  X*  and  p 
are  all  taken  directly  from  Tables  3-8,  3-9,  3-10  and  3-11  for  the  respective 
modes  of  operation.  No  redundancy  equations  are  required  for  blocks  5 and  6 
since  the  model  is  for  total  mode  required  to  be  in  an  up  condition. 
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Inherent  Availability  Model 


The  availability  math  model  used  to  compute  the  inherent  availability  for  the 
AN/SLQ-32(V) 2 is  given  by, 


pj  + Ui 


e- 


t(pi  + Ai) 


] 


Pi  + ^ 


where:  = Availability  of  the  ith  block 

Ag  = System  Inherent  Availability  ' 

A^  = Failures/10^  hours  for  ith  block 
p = 1/MTTR  of  ith  block 
t * Time  in  hours 

For  the  blocks  A,  B,  C and  D,  A^  is  determined  by  the  equations, 

A,  = for  i = A,  B,  C D 

1 OO  * 

i 

where:  R (t)  I (®)P  (t)k  [k-P(t)]  ®“k 
j = k 

-Ait 

P(t)  = e 

k out  of  m are  required 

The  values  for  A and  MTTR  are  taken  from  Tables  4-9,  10,  11  and  12  for  the  respective 
modes  of  operation. 
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Operational  Availability  Model 

The  availability  math  model  used  to  compute  the  operational  availability  for  the 
SLQ-32(V)2  is  given  by. 


p.+[Ai  e-t(pl  + Xi)] 

A.  = -4 r 

i . A, 


i + i 


N 


where:  Ai  = Availability  of  ith  block 

Aq  = System  Operational  Availability 
= Failures/10^  hours  for  ith  block 
= 1/MDT  of  ith  block 
t = 8760  hours 


Operational  Availability  was  computed  only  for  an  8760  hour  period  since  the 
logistics  delay  was  assumed  to  be  the  same  as  for  the  AN/WLR-1G.  The  values  of 
MTTR  and  A are  taken  directly  from  Tables  4-  , 4-  , 4-  and  4-  . For  the  blocks 
A,  B,  C and  D,  the  value  of  A is  given  by, 

A^  = (F/10^  hours) (total  parallel  paths) (Oty  used) 
for  n = A,  B,  C,  D 

The  failure  rates  given  in  the  tables  are  for  one  of  each  parallel  path  so  that, 
for  example,  the  total  failure  rate  of  block  A (considering  no  redundancy)  is, 

A.  = (1 . 183) ( 38) (4)  = 179.8  f/106  hours 
A 


239 


